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Door Robert P. Vermeulen 
1. Het Development Model for Integrated Care kan gebruikt warden om de kwaliteit 
van een zorgketen als geheel te bevorderen. De kwaliteit van de samenwerking in de 
keten blijft echter afhankelijk van de onderlinge ketenpartners. 
2. Het beperken van diagnosis-to-balloon delay bij patienten met STEMI is sinds de 
invoering van prehospitale triage en directe verwijzing naar een interventiecentrum 
vooral een verpleegkundige aangelegenheid geworden. 
3. Om het beloop te voorspellen bij STEMI patienten met (een verhoogd risico op) 
cardiogene shock, volstaat mogelijk de ratio L2/Ll, waarbij L1 en L2 opeenvolgende 
lactaatbepalingen zijn. Als deze ratio kleiner dan 1 is, gaat het beter met de patient. 
4. De bedrust periode voor patienten met een Angio-Seal kan verder beperkt warden. 
5. Dat verpleegkundigen patiententevredenheid als belangrijkste prestatie-indicator 
benoemen waar cardiologen complicatie-incidentie noemen bewijst de noodzaak 
voor hecht teamwork op de hartkatheterisatieafdeling. 
6. Bij het voorschrijven en doseren van orale anticoagulantia wordt te weinig rekening 
gehouden met de HASBLED score. Dit blijkt onder andere uit het ontbreken van 
een wetenschappelijk onderbouwde veilige bovengrens voor de INR bij patienten op 
de wachtlijst voor cardioversie. 
7. Routine en werkervaring kunnen het opvolgen van onderzoeksprotocollen 
bemoeilijken. 
8. Een politiek stelsel dat slechts op twee partijen is gebaseerd, leidt tot een slecht 
klimaat voor vrijzinnige opvattingen over abortus, euthanasie en gelijke rechten 
voor minderheden en moet daarom vermeden warden. 
9. Prophesy is a guess that comes true. When it doesn't, it's a metaphor (Vir Cotto) 
10. Het positieve effect van televoting bij het Eurovisie Songfestival wordt overschat: 
leden van de vakjury zijn oak maar mensen. 
11. Fietsers die gebruik maken van enige vorm van trapondersteuning moeten verplicht 
warden een helm te dragen. 

RIJKSUNIVERSITEIT GRONINGEN 
Quality management developments in Cardiology 
Proefschrift 
ter verkrijging van het doctoraat in de 
Medische Wetenschappen 
aan de Rijksuniversiteit Groningen 
op gezag van de 
Rector Magnificus, dr. E. Sterken, 
in het openbaar te verdedigen op 
woensdag 13 februari 2013 
om 16.15 uur 
door 
Robert Paul Vermeulen 
geboren op 6 juli 1972 












Prof. dr. M.P. van den Berg 
Dr. B.J.G.L. de Smet 
Dr. M.W.N. Nijsten 
Prof. dr. ir. C.T.B. Ahaus 
Prof. dr. R.J. Peters 
Prof. dr. P.F. Roodbol 
Voor mijn moeder, 
die me heeft geleerd <lat het niet uitmaakt waar je vandaan komt. 
Voor Marc, mijn thuis in alles. 

Table of contents 
Chapter 1 
General introduction 9 
Chapter2 
The implementation of integrated care: the empirical 
validation of the Development Model for Integrated Care 13 
Chapter 3 
Prehospital diagnosis in STEMI patients treated by 
primary PCI: the key to rapid reperfusion 43 
Chapter4 
Clinical correlates of arterial lactate levels in patients 
with ST -segment elevation myocardial infarction at 
admission: a descriptive study 57 
Chapter 5 
Closure of the femoral artery after cardiac catheterization: 
A comparison of angio-seal, starclose, 
and manual compression 75 
Chapter6 
Clinical performance indicators for percutaneous 
coronary intervention 93 
Chapter7 
Planning and monitoring of patients for electrical 
cardioversion for atrial fibrillation 111 
Chapters 
General discussion 129 
Chapter9 
Summary / samenvatting 137 
Dankwoord 143 
Curriculum Vitae 149 

Chapter 1 ------ � 
With a growing population, increasingly aged and facing more complex and chronic 
diseases and health issues, demands on healthcare in the Netherlands are changing. 
With scientific progress and the introduction of new technologies we are able to 
provide better quality of care to our patients while improving cost-effectiveness in 
this time of financial austerity. This thesis focuses on diverse aspects of the quality 
management developments in cardiology, such as the introduction of integrated care 
in different settings, and the advance of nurse practitioners and physician assistants 
in cardiology. 
Integrated care is a systematically organized care structure that has the potential to 
improve delivery, efficiency, patient outcomes and satisfaction. To integrate care 
from multiple providers into a coherent patient-focused service, a large number of 
activities have to be performed1• In chapter two the Development Model for 
Integrated Care2,3 is presented, where nine clusters containing in total 89 elements 
that contribute to the integration of care are researched. We have empirically 
validated this model in practice by assessing the relevance, implementation and 
plans of the elements in three integrated care service settings in The Netherlands: 
stroke, ST-segment elevation myocardial infarction (STEMI) and dementia. 
The STEMI network is primarily designed to transfer the patient to the 
catheterization laboratory with a minimum of (avoidable) delay. Chapter three 
describes the effects of this specific integrated care system on times to treatment. We 
surveyed 100 patients enrolled in the STEMI care network, to measure the time 
between first medical contact and balloon inflation, as a measure for efficacy of the 
network. However not all patients are treated within 90 minutes from first medical 
contact, as is recommended by the guidelines for the treatment of patients with 
STEMI 4. We sought to identify the patients at most risk from longer delay times. 
Although through fast transfer the majority of patients receive timely treatment, the 
onset of STEMI is often accompanied by various forms of shock and increased 
mortalitys,6• In the various risk assessment tools that are currently available for 
patients with STEMI, blood lactate levels to this moment do not seem to play a role. 
Chapter four explores the correlations of blood lactate with admission parameters 
and outcome measures for patients presenting with STEMI, in an effort to find an 
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additional parameter in defining patients at risk for mortality after primary 
percutaneous coronary intervention. 
Quality measures also encompass patient satisfaction. One of the aspects of post­
catheterisation hospital stay that patients find unattractive, is the period of caution 
to prevent access site related complications7,8 • In case of femoral artery puncture, 
this period can amount to several hours. To reduce the period of bed rest, closure 
devices have been developed that mechanically seal off the access site through 
collagen plugs, sutures or intravascular clips. Chapter five describes the results of a 
study comparing two closure devices to manual compression after catheterisation 
through the femoral artery, focused not only on complications but also on patient 
satisfaction. 
To measure performance and quality a vast number of indicators can be used, 
depending on, among others, internal or external comparison, stage of development 
and patient or organisational centeredness9. In chapter six, professionals 
(cardiologists and head nurses) from the interventional catheterisation laboratory 
daily practice throughout The Netherlands were involved in selecting and grading 
performance indicators they considered important when measuring quality. 
Similarities and differences in opinion between the two professions are presented, as 
well as the indicators with the highest level of consensus overall. 
In the public view, managing waiting lists is an important aspect of quality of care. 
From the medical and organisational point of view, monitoring patients on the 
waiting list for elective electrical cardioversion (ECV), as described in chapter seven, 
is an important tool to prevent thrombo-embolic complications during treatment10• 
We identified incidence and reasons to postpone an ECV procedure, and evaluated 
the effects of the shift in responsibilities from physician to nurse practitioner in 
managing the ECV waiting list. 
The final chapter integrates the various topics of this thesis by focusing on the 
question how quality can benefit from working in integrated care systems and with 





1. Raak A, Mur-Veeman I, Hardy B, Steenbergen M, Paulus A. Integrated care in Europe. 
Description and comparison of integrated care in six EU countries Maarssen. Elsevier 
Gezondheidszorg; 2003. 
2. Minkman MMN, Ahaus CTB, Fabbricotti IN, Nabitz UW, Huijsman R. A quality 
management model for integrated care: results of a Delphi and Concept Mapping study. 
Int J Qual Health Care 2009, 21:66-75. 
3. Minkman MMN, Ahaus CTB, Huijsman R: A four phase development model for 
integrated care services in the Netherlands. BMC Health Serv Res 2009, 42:1-11. 
4. Van de Werf F, Bax J, Betriu A, Blomstrom-Lundqvist C, Crea F, Falk V, Filippatos G, 
Fox K, Huber K, Kastrati A, Rosengren A, Steg PG, Tubaro M, Verheugt F, Weidinger F, 
Weis M: Management of acute myocardial infarction in patients presenting with 
persistent ST-segment elevation. Eur Heart J 2008, 29:2909-2945. 
5. Mavric Z, Zaputovic L, Zagar D, Matana A, Smokvina D: Usefulness of blood lactate as a 
predictor of shock development in acute myocardial infarction. Am J Cardiol 1991, 
67:565-568. 
6. Torgersen C, Schmittinger CA, Wagner S, Ulmer H, Takala J, Jakob SM, Dunser MW: 
Hemodynamic variables and mortality in cardiogenic shock: a retrospective cohort study. 
Crit Care 2009, 13:R157. 
7. Juergens CP, Leung DY, Crozier JA, Wong AM, Robinson JT, Lo S, Kachwalla H, 
Hopkins AP. Patient tolerance and resource utilization associated with an arterial closure 
versus an external compression device after percutaneous coronary intervention. 
Catheter Cardiovasc Interv 2004;63:166-170. 
8. Desideri A, Tonello D, Coscarelli S, Alitto F, Daniotti A, Chioin R. Early mobilization after 
percutaneous catheterization and vascular closure with a novel device (Star-Close). Am J 
Cardiol 2005;96:1408-1409. 
9. Idanpaan-Heikkila UM, Lambie L, Mattke S, et al. Selecting indicators for the quality of 
cardiac care at the health system level in Organization for Economic Co-operation and 
Development countries. Int J Qual Health Care. 2006;18(suppl):39-44. 
10. Gillis AM, Burland L, Arnburg B, et al. Treating the right patient at the right time: An 





The implementation of integrated care 
Abstract 
Background: Integrated care is considered as a strategy to improve the delivery, 
efficiency, client outcomes and satisfaction rates of health care. To integrate the care 
from multiple providers into a coherent client-focused service, a large number of 
activities and agreements have to be implemented like streamlining information 
flows and patient transfers. The Development Model for Integrated care (DMIC) 
describes nine clusters containing in total 89 elements that contribute to the 
integration of care. We have empirically validated this model in practice by assessing 
the relevance, implementation and plans of the elements in three integrated care 
service settings in The Netherlands: stroke, acute myocardial infarct (AMI), and 
dementia. 
Methods: Based on the DMIC, a survey was developed for integrated care 
coordinators. We invited all Dutch stroke and AMI-services, as well as the dementia 
care networks to participate, of which 84 did (response rate 83%). Data were 
collected on relevance, presence, and year of implementation of the 89 elements. 
The data analysis was done by means of descriptive statistics, Chi Square, ANOV A 
and Kruskal-Wallis H tests. 
Results: The results indicate that the integrated care practice organizations in all 
three care settings rated the nine clusters and 89 elements of the DMIC as highly 
relevant. The average number of elements implemented was 50 ± 18, 42 ± 13, and 
45 ± 22 for stroke, acute myocardial infarction, and dementia care services, 
respectively. Although the dementia networks were significantly younger, their 
numbers of implemented elements were comparable to those of the other services. 
The analyses of the implementation timelines showed that the older integrated care 
services had fewer plans for further implementation than the younger ones. 
Integrated care coordinators stated that the DMIC helped them to assess their 
integrated care development in practice and supported them in obtaining ideas for 
expanding their integrated care activities. 
Conclusions: Although the patient composites and the characteristics of the 84 
participating integrated care services differed considerably, the results confirm that 
the clusters and the vast majority of DMIC elements are relevant to all three groups. 
Therefore, the DMIC can serve as a general quality management tool for integrated 
care. Applying the model in practice can help in steering further implementations as 




When a patient's needs cannot be covered by one professional or health care 
provider alone, collaboration between different providers is required. The 
collaborative efforts and commitment to organize care for a specific patient group in 
a streamlined way are generally referred to as 'integrated care,' 'coordinated care', 
'collaborative care' or 'chronic disease management' programmes. An integrated 
care service is defined as a coherent and coordinated set of services which are 
planned, managed and delivered to individual service users across a range of 
organizations and by a range of co-operating professionals and informal carers1 • The 
available range of terminologies for integrated care and for the underlying concept 
of integration, illustrates the complexity of this topic. Many researchers and policy 
makers have distinguished many different dimensions of integration, with the most 
common taxonomies differentiating the type, breadth and degree of integration2• 
For types of integration, the literature differentiates functional integration, 
organizational integration, professional integration and clinical integration3-s. The 
breath of integration, often defined as 'horizontal, vertical or virtual', refers to the 
range and type of healthcare services that collaborate to provide the integrated care. 
For the degree of integration, Leutz6,7 is the most frequently cited expert and defines 
the three levels; 'linkage', 'coordination' and 'integration'. The choice of the level of 
integration depends on the needs and complexity of the client groups, ranging from 
intense full integration for complex, multi-morbid clients till only linkage of 
different systems for less complex situations. 
The need for integrated care has grown in the past decade. There is an increasing 
interest in how health care workers, managers and policy makers could implement 
effective integrated care services. This situation can be explained by multiple 
developments. Firstly, the increasing numbers of elderly people and those with 
chronic illnesses require a shift in focus from acute to chronic care. Further, for 
many diseases the amount of hospital time has declined which raises the need for 
close and early connections with long term and social care8,9. In addition, in multiple 
countries the majority of the elderly people prefer to live at home as long as possible, 
which has made well-organized home care, social care, and palliative care more 
important10 • Lastly, in a large number of countries the acute, longterm, and social 
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care areas have separate legal and financial systems. This situation often causes 
fragmentation and an increase in the complexity of the collaboration10-12• To 
summarize, the shifting needs of patients and the way care is organized in a number 
of countries on both the micro- (patient), meso- (organizational) as macro- (system) 
level, results in all kinds of fragmentation. The aim of integrated care is therefore to 
reduce this fragmentation and deliver better results and outcomes of care on 
multiple dimensions. 
Implementing integrated care 
Whereas the rationale for integrated care has been recognized, the implementation 
of this type of care is often complex. Although much research has been conducted on 
integrated care, the studies available only address specific settings and patient 
groups, while their conclusions regarding which elements should be implemented 
are partially incompatible13-16• Systematic reviews and studies of organizational 
interventions aimed at improving patient care have established that integrated care 
could improve care processes, patient outcomes and, although more inconclusive, 
reduce costs3,1?-20• Glasby21 describes the importance of implementing integrated 
care activities on multiple levels. Activities on the operational or individual level are, 
for example, streamlining information flows and an accurate transfer of patients, 
while implementation challenges on a tactical or level refer to for instance 
measuring performance indicators on a care chain level. Further, the commitment of 
representatives on a strategic level is required for realizing sustainability and 
(financial) agreements among professionals or organizations. In practice, the project 
leaders and coordinators of integrated care daily struggle with the question which 
care elements to implement and in what order. In the past decade a number of 
quality management models or frameworks like the Chronic Care Model and it's 
later versions like the Innovative Care for Chronic Conditions Framework and the 
Expanded Care Model; the Public Health Model, the Continuity of Care model, the 
Guided Care model, the Kaiser model, the Evercare model, Pfizer approaches, the 
PACE model, the PRISM model, the Strengths model, the Evaluation Framework for 
disease management and the European Foundation for Quality Management Model 
(EFQM) have been developed which could be used by these professionals2,22-29. 
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When we select those models that have healthcare specific versions, that are 
internationally and frequently used and have assumed or proven relations between 
the models components and better results in health care, only the EFQM quality 
management model and the Chronic Care Model (CCM) remain. However, these 
models do not have integrated care as a dominant and generic perspective. The 
EFQM quality management model primarily concentrates on the dynamics within 
organizations and not on interorganizational care pathways29. And although the 
CCM may be more helpful, it is aimed at chronic patient groups, leaving integrated 
care with also acute aspects (such as trauma care) out of scope14,1s. In a previous 
study we therefore developed a quality management model for integrated care, 
called the Development Model for Integrated Care (DMIC)3°,31• 
The Development Model for Integrated Care 
The evidence- and expert-based Development Model for Integrated Care consists of 
89 elements grouped in nine clusters. The elements represent a wide range of 
activities considered as relevant to the realization of integrated care. The clusters are 
named as follows: 'patientcenteredness', 'delivery system', 'performance 
management', 'quality of care', 'result-focused learning', 'interprofessional 
teamwork', 'roles and tasks', 'commitment', and 'transparant entrepreneurship' (see 
additional file 1). Implementing the elements of all nine clusters contributes to the 
further development of integrated care. The model intends to be generic and 
suitable for diverse patient groups that make use of both chronic and acute care 
services. The model has the potential to serve as an assessment tool for health care 
professionals, managers and integrated care coordinators to support the 
implementation of improvement activities. In this study we have empirically tested 
our theoretical expert-based model in three different integrated care contexts in The 
Netherlands: stroke, acute myocardial infarction, (AMI), and dementia services. Our 
research question is: To what extent are the elements of the Development Model for 
Integrated Care relevant to and implemented in the integrated care practices for 
stroke, acute myocardial infarction, and dementia patients? 
18 
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Introduction to integrated stroke, AMI, and dementia care 
In The Netherlands, with its population of 16 million people, every year about 
41,000 people suffer from a stroke. In 2005 22% of the people with a stroke died 
within one year after their hospital admission32• A large number of disciplines and 
health care providers are involved in stroke care, which consists of three phases. In 
the acute phase general practitioners, ambulances and hospitals (the emergency 
department and the stroke unit) are involved. In the rehabilitation phase 
rehabilitation centres, nursing homes and home care organizations are the care 
providers. While informal care and patient federations are relevant during the whole 
care continuum, they become even more important in the chronic phase to support 
the patients and their families. 'Stroke services' have existed in The Netherlands 
since the late 1990s and are organized as a network of service providers working 
together in a structured way to provide adequate services in all stages of the follow­
up care for stroke patients33. During the last ten years there have been multiple 
projects to stimulate the development of regional stroke services in The 
Netherlands. Examples are the Breakthrough Collaboratives, the development of a 
national indicator set and a stroke benchmark, updated stroke guidelines, and the 
start of the National Stroke Service N etwork34,3S. Nevertheless, there is still room for 
improvement, while bottlenecks are observed in issues such as the exchange of 
( electronic record) information among professionals, accurate services in the 
chronic phase, and the absence of integral financial budgets. 
Each year, 36,000 patients suffer from AMI in The Netherlands. Here, 
approximately 25% of the patients die before reaching the hospital36• The current 
standard treatment for AMI patients is primary percutaneous coronary intervention 
(PCI), which requires a quick transfer of the patient to a hospital with interventional 
capacities. International guidelines state that the time interval between the first 
medical contact and the start of the treatment should not be longer than 90-120 
minutes37. Given that not every hospital is equipped with interventional capacities, 
close collaboration is necessary to ensure optimal patient flows through the care 
chain. The different care providers have made agreements on pre-hospital diagnosis, 
direct transfer to a catheterization laboratory, bypassing general hospitals and 
emergency departments, and post intervention patient management. Examples of 
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these care providers are ambulance services, cardiac care units, catheterization 
laboratories in PCI centres, interventional and general cardiologists, and general 
practitioners. However, most agreements are made on an operational level between 
only two parties. Further applying the concept of integrated care services to acute 
cardiology may therefore help create a care system that offers more consensus 
among the parties, thereby providing a better understanding of the role of each 
health care provider. The past years, the number of hospitals with PCI capacities and 
acute care facilities for AMI patients has increased. This development can be 
considered as a challenge for the existing care systems to incorporate additional 
parties into the current agreements. 
The number of people with dementia is rapidly increasing in The Netherlands. 
Nowadays there are 230,000 dementia patients, while this number will have 
increased to 550,000 by 205038• Dementia care is divided into three sectors: general 
care, mental health care, and long-term care. During the onset and early stages of 
dementia care, support is mostly provided by primary care practitioners, spouses, 
relatives and patient federations. For medical diagnostics general practitioners can 
refer to a hospital's specialist memory clinic or to mental health services. After the 
diagnosis, local services determine the specific care packages, such as case 
management, support groups, housekeeping, personal care, respite care or 
counseling. When living at home is no longer possible, sheltered housing or elderly 
people wards in nursing homes are options. The past five years the development of 
integrated dementia care networks has gained a lot of attention. Initiatives to 
stimulate the integrated dementia care in The Netherlands are the National 
Dementia Program, the Dementia Front Runner Program (integrated financial 
budgets), the widespread establishment of local Alzheimer federations, a national 
dementia indicator set, and the start of the development of a national care standard 
for dementia39. Nevertheless, there is still much room for improvement in this 
sector. Examples are the early detection of the disease, support after the diagnosis, 
the implementation and financing of case management, crisis intervention, 
coordination, timely referrals, and adequate support for the spouses and families. 
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Methods 
To assess the relevance and implementation of the elements of integrated care, we 
constructed a survey study, based on the Development Model for Integrated Care. 
We had already designed the Development Model for Integrated Care in two 
previous studies16,17 by combining a structured literature study, a Delphi study, and a 
Concept Mapping study. The literature study of integrated care elements resulted in 
101 items. Each element represents an activity aimed at the development 
(realization, improvement, innovation or sustainability) of integrated care. The 
Pubmed and Cochrane databases were searched for recent reviews, articles, and 
multiple other sources, such as PhD theses, evaluation reports, while frequently 
used quality management models were also studied. After the literature study, we 
conducted a Delphi study. During three rounds, 31 experts on integrated care rated 
the importance of the 101 elements by using an ordinal scale (range: 1 = not 
important; 4 = very important). Next, they improved, completed and confined the 
list of elements. Each included element was rated by at least Bo% of the experts as 
(very) important for integrated care. This systematic approach resulted in 89 
elements of integrated care, grouped in nine clusters. For the grouping procedure 
Concept Mapping was used. The individual clustering of the experts served as input 
for multidimensional scaling and hierarchical cluster analysis, resulting in a cluster 
map with nine clusters of 3 to 18 elements. 
For the present study we constructed an Excel-based questionnaire. The first 
part (A) of the questionnaire focused on general information about the integrated 
care practice, such as the year when the collaboration had started, the number of 
patients in the year prior to that year, the number and type of health care providers 
involved, the current agreements among the care providers, infrastructures for 
cooperation improvement, the availability of a coordinator on the care chain level, 
and the commitment on a strategic level. The second part of the questionnaire (B) 
concerned the clusters and elements of the model. The respondents were asked to 
rate whether each element was relevant to their specific integrated care practice (yes 
= 1, no = o) and if so, whether and in which year this element was implemented. The 
maximum relevance score on a cluster level for the total group was 1, the elements 
having equal weights. If elements were not implemented, there was an option by 
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which to indicate that there were intentions to implement this element shortly (this 
year or the next). At the end of section B respondents had the option to add general 
comments or make suggestions for missing elements. Project leaders or 
coordinators of integrated stroke services as well as AMI and dementia care 
networks were invited to fill in the questionnaire. To assure that the right 
respondents took part, we clearly explained the criteria for participation via personal 
contact or sometimes by visiting them. The rationale for investigating these three 
different patient groups was based on multiple criteria. Firstly, we wanted variance 
among the participating integrated care services to assess the generalizability of the 
model. This variety had to apply to both the different client groups and their 
different care providers from the various sectors (acute care, chronic care, and social 
care). The AMI group has a strong focus on acute care settings, while the stroke 
group covers the entire continuum from acute to chronic care. The slow and 
progressive syndrome of dementia also includes mental health care and social care. 
Next, to include integrated care services in different stages of development, the years 
had to vary when the integration had been started. This was indeed the case for the 
three groups: dementia has only more recently received attention in The 
Netherlands, whereas AMI and stroke services have already been offered for a longer 
period of time. Another criterion was the inclusion of collaborative national 
networks that were willing to stimulate participation. The National Stroke Service 
Network, the National Network on Dementia, and the National Society for Trauma 
Centers all recommended participation in a letter to their members. Another 
criterion was geographical spread. This criterion was met since the national 
networks operate in most parts of the country. Finally, a coordinator on the tactical 
level was required. In all three sectors this criterion was met by a majority of the 
integrated care services. We contacted these coordinators and asked for their 
participation in the study. Each service was asked to fill in one questionnaire. The 
criteria for the respondents were that they had a good overview of the current state, 
history, and future plans of the integrated care service as a whole. The respondents 
had to participate on behalf of all integrated care providers involved and were 
allowed to contact colleagues in their integrated care setting to help them answer the 
questions. For this study, no ethical approval was needed. The collected data did not 
22 
The implementation of integrated care 
address any individual nor group wise patient data. The focus was on organisational 
aspects of integrated care (the 89 elements) which were delivered on a voluntary 
basis by the integrated care coordinators. 
Ultimately 36 stroke services, 50 dementia care networks, and 12 myocard 
services were invited to participate in our study. Upon acceptation of our invitation, 
the respondents received the Excel-based questionnaire and an instruction sheet by 
e-mail. Non-responders were reminded twice, by telephone and by e-mail. Due to its 
smaller scale, the organizations in the AMI service sectors were visited beforehand 
by one of the researchers to introduce them to the questionnaire. Non-responders to 
our first call were telephoned by the researchers to explain the purpose of the study, 
after which they asked again for their participation. If indicated on the 
questionnaire, the reasons for the non-response as well as additional remarks were 
documented. 
The data analyses were executed per service and for the total group by means of 
descriptive statistics, frequency analyses, Chi Square, ANOVA and Kruskal-Wallis H, 
using SPSS software, version 16.0. 
Results 
Participating integrated care services 
The overall response rate to the questionnaire was 83%; 32 of the 36 stroke 
services participated (89%), 9 of the 12 AMI services (75%) and 43 of the 50 
dementia services (86%). Reasons for non-response were a lack of time to answer 
the questionnaire or absense of the service coordinator. Respondents stated that 
filling in the questionnaire took about 30 to 45 minutes. Table 1 contains the 
characteristics of the participating integrated care services. The average year when 
integrated care was first started ranged between 2001 (stroke) and 2007 (dementia). 
The average number of stroke patients who entered the stroke services in 2008 was 
449 ± 340 (range 134-1914). For the AMI group on average 1109 ± 515 patients 
(range 519-2200) entered the care chain in 2008. For dementia there were no 
central databases available that indicated the total number of clients per integrated 
care service. This was because multiple providers can start this care segment. All 




Average start year (min -
max) 
Average lifespan in years 
(sd) 
Involved care providers (% 
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organizations, and general practitioners in a large number of the cases. 
Municipalities were involved in a minority of the stroke services (13%), in 72% of the 
dementia networks, but not in the AMI services. The percentage of services having 
periodical meetings with the financial bodies involved varied. Meetings with health 
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insurers were held by 19% of the stroke, 11% of the AMI, and 28% of the dementia 
services. Health insurers are mainly focused on the cure sector, as the long-term 
care is organized differently in The Netherlands. Insurance companies divide the 
country into 32 regions, and in each region the largest one acts on behalf of all 
others as the regional contractor and finance body of the long-term care providers. 
Regular meetings with these bodies were common for 28% of the stroke, 11% of the 
AMI, and 93% of the dementia services. Long-term care clients require a needs 
assessment report from an independent organization before they can receive care 
from a provider. Twenty five percent of the stroke and 14% of the dementia services 
had regular contact with these organizations, which did not apply to the AMI 
services. 
Relevance of the elements 
For all 89 elements relevance scores (RS) were calculated. Overall, the relevance of 
the elements was high in the case of all three integrated care settings. As regards 
stroke and dementia, all elements could be classified as relevant at a cut-off point of 
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For the AMI services 13 elements scored lower than 80%. Six of these were 
assessed as relevant by 78% of the respondents. Four elements scored lower than 
50%, namely 'developing care programmes for relevant client subgroups'(44%); 
'developing criteria for assessing clients' urgency' (33%); 'reaching agreements 
among care partners on scheduling client examinations and treatment' (22%) and 
'reaching agreements among care partners on providing care to waiting- list clients' 
(11%). For the total group the relevance scores on a cluster level were between 0.9 
and 1, which meant high relevance scores for all clusters. For the three subgroups, 
the scores ranged between 0.98 and 1.0 (stroke); 0.78 and 1.0 (AMI) and 0.95 and 
0.99 (dementia), see also table 2. Three of the respondents named a missing 
element after finishing the questionnaire, but the elements were very close related to 
those already in the set. 
Implementation of the elements 
The number of implemented elements of the Development model for Integrated 
Care varied within andamong the three services. The average number of elements 
(maximum 89) for the total group was 46 ± 20 items (range 3-82). For the three 
subgroups, the amounts ranged from 50 ± 18 (10-77) elements for stroke, 42 ± 13 
(20-61) elements for AMI, and 45 ± 22 (3-82) for dementia. Figure 2 gives an 
overview of the percentages of the implemented elements per cluster that were rated 





Figure 2 Percentages of implemented elements per cluster 
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Cluster (nr of elements) Total Stroke AMI Dementia 
1. Client centeredness (9) 0.93 0.98 0.83 0 .98 
1 7 3 5 
0.9 - 1  1 0 4 
0.8 - 0.89 1 2 0 
<0.8 0 4 0 
2. Delivery system (18) 0.90 0.98 0.78 0.95 
1 12 8 5 
0.9 - 1  6 0 11 
o.8 - 0.89 0 3 2 
<0.8 0 7 0 
3. Performance management (16) 0.98 0.99 1.0 0 .95 
1 13 16 0 
0.9 - 1  3 0 14 
o.8 - 0.89 0 0 3 
< 0.8 0 0 0 
4. Quality care (5) 0.95 0.99 0.91 0.96 
1 4 2 1 
0.9 - 1  1 0 4 
o.8 - 0.89 0 2 0 
<0.8 0 1 0 
5. Result-focused learning (12) 0.99 0.99 1.0 0.97 
1 12 12 1 
0.9 - 1  8 0 11 
o.8 - 0.89 0 0 0 
<0.8 0 0 0 
6. Interprofessional teamwork (3) 0.99 0.99 1.0 0.98 
1 2 3 1 
0.9 - 1  1 0 2 
o.8 - 0.89 0 0 0 
<0.8 0 0 0 
7. Roles and tasks (8) 0.99 1.0 0.99 0.97 
1 8 7 0 
0.9 - 1  0 0 8 
o.8 - 0.89 0 1 0 
<0.8 0 0 0 
8. Commitment (11) 0.99 0.99 0.99 0.99 
1 9 10 8 
0.9 - 1  2 0 3 
o.8 - 0.89 0 1 0 
<0.8 0 0 0 
9. Transparant entrepreneurship (7) 0.98 1.0 0.95 0 .99 
1 7 5 5 
0.9 - 1  0 0 2 
o.8 - 0.89 0 1 0 
<0.8 0 1 0 
Table 2 Relevance scores per cluster 
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For the total group, the mean percentages of these elements were the highest in 
the 'inter-professional teamwork' (85 ± 29) and in the 'roles and tasks' clusters (69 ± 
29) . The implemented elements with the lowest relevance percentages were found in 
the clusters 'quality care' (40 ± 24) and 'performance management' (42 ± 30). The 
mean numbers of the elements marked as 'planned for the near future' differed 
significantly among the stroke, AMI, and dementia services (respectively 8, 4 and 21, 
p < 0.001). When we look at the time span of the implemented elements, the 
dementia services show the most recent dates, with most elements implemented 
between 2007 and 2009. For both stroke and AMI most elements were implemented 
between 2002 and 2006. Analyses of the correlation between the relevance scores of 
elements and the implemented elements showed no correlation (r= -0.02, p � 0,10). 
Additional file 1 presents the implementation scores, the average year of 
implementation, and the percentages of the plans for working on the elements. 
Discussion 
The results of this study indicate that the integrated care practice widely recognizes 
the Development Model for Integrated Care with its evidence- and expert-based 
elements and clusters. Regardless of the differences among the three integrated care 
services (stroke, AMI, and dementia patients) who differed in age, client groups, 
size, focus on either acute or chronic care, collaboration infrastructure, and the care 
providers involved, they all rated the elements of the Development model for 
Integrated Care as highly relevant. Based on these results we may conclude that the 
empirical test of our theoretical model has been successful and that this tool has the 
potential to effectively support multiple integrated care practices. 
In addition to the useful information gathered regarding the relevance and 
implementation of the elements of integrated care, a large number of respondents 
gave feedback on the model's applicability. The integrated care coordinators 
indicated that filling in the questionnaire was a good exercise to reflect upon the 
current situation. Discussing the implementation of the elements gave new ideas for 
the improvement and further development of their integrated care practice. The 
respondents used the elements and clusters for their quality management systems, 
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improvement plans or even wrote a discussion paper for their steering committee 
based on the questionnaire results. 
Although the relevance scores were all (very) high, some important differences 
were observed among the nine clusters. For the AMI services three elements of 
cluster 2 ('delivery system') had the lowest relevance scores ( < 50%). The average 
priority score of these four elements was 1.94, which is markedly lower than the 
average of 2.23 of the whole set (see also additional file 1) . When analyzing the 
content of these elements, however, it made sense that 'providing care to waiting list 
patients' and 'criteria for urgency' do not apply to this client group, since these items 
are associated with the provision of acute care. 'Providing case management', 
another low scoring element in the case of AMI services, generally applies to clients 
who need multidisciplinary care during a prolonged period of time. Case 
management is one of the crucial interventions currently implemented in The 
Netherlands for dementia patients4°. This situation corresponds with our study 
findings; a large number of services have already implemented case management or 
are planning on introducing this approach. 
It can be concluded that integrated care settings are generally still in a 
developmental stage. Especially in the dementia services, the number of planned 
elements is high. On average half of the elements identified have been implemented 
in practice. And within all three service groups the integrated care services vary in 
their plans and implementation rates. The absence of correlations between the 
relevance scores of implemented elements and their implementation rates could be 
explained by the overall high scores with little variation between relevant scores. It 
assumes that choices for interventions are influenced by other factors like possibly 
the amount of development or 'maturity' of the integrated care service. In an earlier, 
more conceptual study31 we concluded that integrated care services can experience 
different phases of development which are called: 'the initiative and design phase', 
'the experimental and execution phase', 'the expansion and monitoring phase' and 
'the consolidation and transformation phase'. It would be interesting to further 
research a possible relation between the phases of development and the 
implementation rates. The AMI services are strongly focused on the professional 
and more practical level, as illustrated by high scores in the clusters 'inter-
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professional teamwork' and 'roles and tasks', which refer to the earlier phases of 
development. Since the AMI-services have not included the rehabilitation phase 
after an infarction, the next step may be the expansion to a full service. In this case, 
the AMI services would also be faced with some of the bottlenecks typical of the later 
phases of development, such as separate financial systems and the need for formal 
agreements among providers. However, AMI has not yet made many plans in this 
direction. This situation may be explained by the absence of a coordinator in the 
majority of the AMI organizations. 
The stroke service provides a broad spectrum of integrated care consisting of a 
substantial number of integrated care elements. Although stroke represents one of 
the first and 'oldest' patient groups for which integrated care was developed on a 
large scale, some of its activities still seem to be in their initial stage. Elements from 
the clusters 'performance management' and 'quality care' have not been 
implemented on a large scale yet. Especially the elements associated with 
monitoring the quality and results of the care chain and the involvement of clients in 
assessing their needs and judgements have not yet received sufficient attention. In 
addition, incentives on a governmental level to further develop these activities are 
lacking, as there are still no financial or professional stimuli included in the policies 
for the integrated stroke care in The Netherlands. Despite this fact, the post-stroke 
mortality rate declined by 25% during the period 2000 - 2005, which is believed to 
be a result of the introduction of stroke services and more precise diagnostics and 
treatment approaches41 • 
Dementia services were initiated significantly later than stroke and AMI, but the 
number of elements already implemented indicates that this segment has developed 
rapidly during the past years. This process is accompanied by a focus on integrated 
budgets, experiments, and formal agreements (as indicated in cluster 9). We assume 
that national initiatives, such as the National Dementia Program, the Front Runner 
Program, and a strong nationwide network of client federations have accelerated the 
development of this service. In addition, there are many plans for the near future, 
which has raised the expectation for the coming years. The newness of the concept 
of integrated care to the people working in the dementia sector may stimulate their 
30 
The implementation of integrated care 
enthusiasm in making plans to further develop the service. In other words, the 
biggest growth of the system possibly lies in the beginning of it. 
Study limitations 
Our study has some limitations. First, the number of research participants per 
patient group differed, which was due to the nature of the current situation. The 
AMI services were only represented by nine of the twelve services because the 
number of hospitals with interventional capacities was limited, which means that 
there were only a few networks. The treatment of a stroke, however, can be initiated 
in almost any hospital. Second, although a number of respondents consulted 
partners in the care chain when filling in the questionnaire, it would be interesting 
to invite more care workers in the three integrated care service to add additional 
perspectives. Third, the respondents' answers were based on self-reported data. 
Whenever elements were implemented, these decisions were based on the judgment 
of the integrated care service representatives themselves without consulting other 
sources, such as documentation or interviews. Finally, we focused our research on 
integrated care services in the Netherlands, while it would also be interesting to 
expand this study internationally. 
Recommendations for research and practice 
We have multiple suggestions for further research to further assess the 
generalizability of the model. Firstly, we suggest to broaden the assessment of the 
implemented elements by involving multiple professionals, managers and also client 
representatives per integrated care setting. Adding these perspectives can provide 
interesting information about how the implementation is being experienced and if 
consensus is available. Secondly, we suggest repeating the study in integrated care 
services which focus on other client groups like for instance clients with diabetes, 
COPD, depression or other groups like frail elderly who need support on broader life 
domains. This kind of research could provide knowledge about the further 
applicability of the model, because of our aim was to develop a generic model. A 
third option could be expanding our research to other countries. Next to changes on 
the 'meso- or organisational level' of integrated care where our research focuses on, 
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the 'also macro- or system level' characteristics and differences are being taken into 
account. These characteristics address for instance other political, demographical, 
legal and professional or educational contexts. 
Another suggestion is further research on the different phases of development of 
integrated care services and the implemented elements in each phase. Previous 
research revealed different phases of development, but the relation between these 
phases and the implementation of elements in each phase is less clear. Also, the 
implementation process of the elements asks for different roles, needed expertises 
and strategies of integrated care coordinators, professionals and managers. These 
are interesting topics for further research. 
Finally, we suggest follow-up research on the relation between the 
implementation of the elements and clusters of the DMIC and the delivered results. 
Do more 'mature' integrated care practices or practices that implemented more 
elements achieve better results in quality of care, quality of life, client related 
indicators (or client experiences) and costs? 
Our study has a number of practical implications. Coordinators and managers 
may use the Development model for Integrated Care as a quality management tool 
in their integrated care practices. The model with its elements and clusters is 
suitable for different patients groups and can be used as an assessment instrument 
to monitor the integrated care activities. Moreover, the respondents indicated that 
the model also worked as a self-evaluation tool and helped them in the formulation 
of improvement plans. Further use in practice could be enhanced by developing a 
DMIC-based user-friendly (web based) tool, in which not only integrated care 
coordinators but also multiple partners working in integrated care services could 
score the elements on relevance and implementation. By presenting the (consensus) 
results found, clusters and elements with lower scores could be further discussed 
and prioritised as a basis for an improvement plan. Managers can use the model in 
broadening their vision on integrated care and improving their quality management. 
Furthermore, the model can be used for benchmarking by comparing the (absolute) 
implementation scores between integrated care practices. Practices can mirror their 
own results with comparable others and get input for improvement activities. The 
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National Stroke Service network has plans to use the model for auditing its stroke 
services in The Netherlands in the coming years. 
Conclusion 
This study has assessed the practical relevance and implementation of the 
Development Model for Integrated Care, consisting of nine clusters with in total 89 
elements, in three integrated care settings: AMI, stoke, and dementia. These 
segments varied considerably. The AMI services can be characterized as acute care, 
while stroke services range from acute to chronic care. Finally, the dementia services 
merely focus on chronic care. In all three integrated care settings the relevance of 
the elements was considered high. We can therefore conclude that the Development 
Model for Integrated Care has a generic character and can serve as a useful tool for 
assessment, evaluation or improvement in both the research on integrated care and 
its development in the practical field. 
In addition, the study has provided a detailed analysis to what extent integrated 
care has been implemented within each service and on which topics. The average 
number of implemented elements was 50 ± 18, 42 ± 13, and 45 ± 22 for stroke, acute 
myocardial infarction, and dementia care services, respectively. Although the 
dementia services were significantly newer, the number of implemented elements 
was comparable to that of the other segments. The average number of planned 
elements told us that the integrated care services are still developing, although the 
intensity differs significantly among the three groups. With respect to new initiatives 
and plans the dementia services take the lead, which might be explained by the 
national initiatives and incentives in this area and the actions of client federations. 
Research to further assess the generalizability of the model for other (international) 
client groups and the relation between integrated care development and the DMIC 
elements is suggested. 
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Additional file 1 - Description of integrated care elements 
The elements per cluster are ranked by priority scores (PS). These were 
systematically assesed by an expert panel as described in Minkman et al. 2009. 
Maximum priority scores are 3. 
Cluster 1. Patient-centeredness, 9 elements 
This cluster is about developing integrated care and information flows tailored to 
specific (sub )groups of patients. Elements focus on integrated patient and care 
process supporting information such as front offices, self-management support or 
information systems, and delivering care adjusted to individual needs (e.g. multi­
morbidity). 
PS Element description 
2.66 Providing understandable and client-centered information 
2.36 Collaboratively offering client information of the care partners 
2.35 Designing care for clients with multi- or co-morbidities 
2.31 Using self-management support methods as a part of integrated care 
2.23 Implementing care process-supporting clinical information systems 
2.13 Flexible adjustment of integrated care corresponding to individual clients' needs 
2.10 Developing a front office: single entry point for client information 
1.97 Using a protocol for the systematic follow-up of clients 
1.94 Developing care programmes for relevant client subgroups 
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Cluster 2. Delivery system, 18 elements 
Chain and client logistics, coordination mechanisms and procedures for 
streamlining the care process for the whole care chain is the main focus of this 
cluster. The reaching of all agreements (e.g. logistics, sharing expertise), procedures 
(e.g. information exchange) or tools (e.g. care plans) in the care chain that are 
necessary from the client's initial entry into the care chain until the final contact are 
reflected in this cluster. 
PS Element description 
2.94 Reaching agreements on referrals and transfer of clients through the care chain 
2.84 Reaching agreements on procedures for information exchange 
2.71 Using a single client-monitoring record accessible for all care partners 
2.46 Reaching agreements on procedures for the exchange of client information 
2.42 Developing connections between databases of partners in the care chain 
2.38 Offering case management for clients with complex needs 
2.32 Reaching agreements on chain logistics (e.g. waiting periods and throughput 
times) 
2.32 Using shared client treatment and care plans 
2.26 Using uniform client-identification numbers within the care chain 
2.19 Reaching agreements among care partners on the consultation of experts and 
professionals 
2.07 Reaching agreements among care partners on managing client preferences 
2.06 Reaching agreements among care partners on scheduling client examinations and 
treatment 
2.05 Reaching agreements among care partners on discharge planning 
2.00 Developing criteria for the inclusion and throughput of clients in the care chain 
1.97 Reaching agreements among care partners on providing care to waiting-list clients 
1.95 Bringing specialized nurses into action through the care chain 
1 .94 Reaching agreements on linking clients to outside resources or community care 
partners 
1. 79 Developing criteria for assessing clients' urgency 
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Cluster 3. Performance management, 16 elements 
Measurement and analyses of the results of the care delivered in the care chain is the 
central theme of this cluster. Elements address performance targets at all levels, 
monitored by the standardized use of indicators. Indicators address client outcomes, 
client judgments, organizational outcomes and financial performance data. (Near) 
mistake analysis, feedback mechanisms and improvement teams are used to 
improve and manage the level of performance. 
PS Element description 
2.55 Defining performance indicators to evaluate the results of the integrated care 
delivered 
2.50 Providing feedback to care partners on transfers 
2.44 Gathering client-related performance data (health status, quality of life) 
2.42 Gathering data on client logistics (e.g. volumes, waiting periods and throughput 
times) in the care chain 
2.41 Using feedback and reminders by professionals for improving care 
2.40 Reaching agreements about the uniform use of performance indicators in the care 
chain 
2.39 Monitoring successes and results during the development of the integrated care 
chain 
2.33 Establishing quality targets for the performance of the whole care chain 
2.32 Monitoring and analyzing mistakes/near mistakes in the care chain 
2.27 Using a systematic procedure for the evaluation of agreements, approaches and 
results 
2.25 Monitoring client judgements and satisfaction for the whole care chain 
2.23 Gathering financial performance data for the care chain 
2.19 Making transparent the effects of the collaboration on the production of the care 
partners 
2.19 Monitoring whether the care delivered corresponds with evidence-based 
guidelines 
2.18 Establishing quality targets for the performance of care partners 
1.98 Installing improvement teams at care-chain level 
The implementation of integrated care 
Cluster 4. Quality care, 5 elements 
This cluster contains elements that focus on the design of a multidisciplinary care 
pathway throughout the care chain, based on evidence-based guidelines and 
standards and clients' needs and preferences. A needs assessment of the specific 
client group is required for this purpose, combined with the involvement of client 
representatives in designing, improving and monitoring the integrated care. 
PS Element description 
2.65 Systematically assessing the needs of the clients in the care chain 
2.55 Developing a multidisciplinary care pathway 
2.43 Involving client representatives in improvement projects in the care chain 
2-40 Using evidence-based guidelines and standards 
2.12 Involving client representatives by monitoring the performance of the care chain 
Cluster 5. Result-focused learning, 12 elements 
A learning climate of striving towards continuously improved results in the care 
chain is this clusters central theme. The elements address essential ingredients for 
improvement: defining goals for collaboration, identifying bottlenecks and gaps in 
care, and ways of learning and exchanging knowledge in an open atmosphere. 
Incentives are used to reward improved performance. 
PS Element description 
2.37 Stimulating a learning culture and continuous improvement in the care chain 
2.27 Defining and assessing the characteristics of the collaboratively delivered care 
2.26 Making transparent the benefits of the collaboration for each care-chain partner 
2.23 Collaboratively assessing bottlenecks and gaps in care 
2.17 Sharing knowledge among care partners about effectively organizing sustainable 
integrated care 
2.16 Striving towards an open culture for discussing possible improvements for care 
partners 
2.14 Learning by the exchange of information among professionals about the care 
process 
2.13 Integrating incentives for rewarding the achievement of quality targets 
2.11 Using knowledge and information for directing and coordinating the care chain 
2.11 Using collaborative education programmes and learning environments for the 
professionals of care 
partners 
2.03 Linking consequences to the achievement of agreed goals 
1.88 Collaborative learning in the care chain in order to innovate integrated care 
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Cluster 6. Interprofessional teamwork, 3 elements 
This cluster represents interprofessional teamwork for a well-described client group. 
The defined client group is the target to be reached by collaborating professionals, 
working in well-organized multidisciplinary teams in the care chain. 
PS Element description 
2.61 Defining the targeted client group 
2.26 Working in multidisciplinary teams 
2.04 Reaching agreements on the availability and accessibility of professionals 
Cluster 7. Roles and tasks, 8 elements 
The need for clarity about each other's expertise, roles and tasks in the care chain is 
reflected in this cluster. Effective collaboration at all levels, with new partners and 
by allocating coordinating roles are the main components. 
PS Element description 
2.55 Reaching agreements among care partners on tasks, responsibilities and 
authorizations 
2.55 Achieving adjustments among care partners by means of direct contact 
2.36 Ensuring that professionals in the care chain are informed of each other's 
expertise and tasks 
2.20 Installing a coordinator working at chain-care level 
2.18 Establishing the roles and tasks of multidisciplinary team members 
2.13 Realizing direct contact among professionals in the care chain 
2.07 Reaching agreements on introducing and integrating new partners in the care 
chain 
2.05 Directing the care chain by appointing a limited number of persons with 
coordinating tasks 
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Cluster 8. Commitment, 11 elements 
This cluster's focus is on collaborative commitment and ambition in the care chain. 
Commitment towards clearly defined goals and a collaborative ambition, apart from 
awareness of dependencies and domains. The commitment of leaders to the care 
chain and the awareness of working in a care chain are also components. 
PS Element description 
2.49 Defining the ambitions and aims of the collaboration in the care chain 
2.43 Signing collaboration agreements among care partners 
2.40 Assuring the leadership commitment of the partners involved to the care chain 
2.29 Describing the tasks and authorities of leaders, coordinators and advisory boards 
in the care chain 
2.19 Establishing dependencies among care partners 
2.17 Guiding the care chain by emphasizing a collaborative commitment 
2.16 Structural meetings of leaders of care-chain organizations 
2.08 Reaching agreements about letting go care partner domains 
2.07 Stimulating trust among care partners 
2.04 Stimulating the awareness of working in a care chain 
1.91 Structural meetings with external parties such as insurers, local governments 
and inspectorates 
Cluster 9. Transparent entrepreneurship, 7 elements 
This cluster concentrates on space for innovation (experiments), leadership 
responsibilities for performance achievement and joint financial agreements 
covering the integrated care. Preconditions for entrepreneurship, including financial 
preconditions, are represented in the collection of elements. 
PS Element description 
2.59 Making commitment to a joint responsibility for the final goals and results to be 
achieved 
2.36 Using a uniform language in the care chain 
2.19 Reaching agreements on the financial budget for integrated care 
2.16 Allocating financial budgets for the implementation and maintenance of 
integrated care 
2.14 Involving leaders in improvement efforts in the care chain 
2.07 Creating an open environment that encourages experiments and pilot projects 
2.04 Offering a single collaborative financial contract to financing parties by the 
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Prehospital diagnosis in STEM! patients 
Background. Primary coronary intervention (PCI) for acute myocardial infarction 
should be performed as quickly as possible, with a door-to balloon time of less than 
90 minutes. However, in daily practice this cannot always be achieved. Prehospital 
diagnosis of ST-elevation myocardial infarction (STEMI) is of major importance in 
reducing time to treatment, in particular when patients can be transported directly 
to a centre with interventional capacities. 
Objectives. The aim of the current study was to evaluate the time from prehospital 
diagnosis of STEMI to balloon inflation and identify factors related to treatment 
delay in patients directly referred to the catheterisation laboratory of the University 
Medical Centre of Groningen. 
Methods. A cross-sectional descriptive design was used to collect data on patients 
treated with primary PCI after prehospital diagnosis of STEMI. 
Results. Median prehospital diagnosis-to-balloon time was 64 minutes for patients 
directly admitted to the catheterisation laboratory and 75 minutes for patients 
initially admitted to the coronary care unit. A delay longer than 90 minutes was 
observed in 18 patients. Higher age was associated with longer delay times 
(p=o.041). Long delays were not associated with diabetes (p=o.293), time from 
symptom onset to prehospital diagnosis (p=o.87) or time of day (p=o.09). Initial 
unavailability of the catheterisation laboratory due to running procedures 
contributed to longer delay times in ten cases. 
Conclusion. Prehospital diagnosis of STEMI and direct referral to a catheterisation 
laboratory for primary PCI allows a prehospital diagnosis-to balloon time of less than 




The 2005 Guidelines for Percutaneous Coronary Intervention (PCI) recommend that 
first medical contact or door-to-balloon time for patients with STsegment elevation 
myocardial infarction (STEMI) should be as short as possible, preferably less than 
90 minutes1,2• Many reports have shown that first medical contact to balloon or even 
door-to-balloon times often exceed the recommended 90 minutes3-s. 
From several studies it is evident that prehospital diagnosis of patients with 
STEMI is a major asset to reduce time to treatment, whether that treatment is 
mechanical through PCI or pharmacological through fibrinolysis6-9. Time to 
treatment should be as short as possible to improve patient outcomes, such as more 
myocardial salvage, better left ventricular function, and reduced mortality10-12• 
Most studies on delay times in STEMI patients concentrate on delay from door to 
balloon or randomization to balloon. However, from a patient perspective, the 
period of myocardial ischaemia starts at onset of chest pain. From a medical 
perspective, the treatment delay begins when a clinical diagnosis of STEMI has been 
confirmed by electrocardiography. This treatment delay is in part susceptible to 
interventions that shorten the avoidable delay. Prehospital diagnosis and direct 
referral to an interventional centre are two of evaluate the time delay from 
prehospital diagnosis to balloon inflation in patients directly transported for primary 
PCI, and to identify patients at risk of delays longer than 90 minutes. 
Patients and methods 
STEM! logistics 
The University Medical Centre of Groningen adopted a strategy of prehospital 
diagnosis and primary PCI in January 2004. The 12-lead electrocardiogram of a 
patient with symptoms compatible with myocardial infarction, not relieved by 
sublingual nitrates, is obtained in the ambulance and diagnosed by a predefined 
computer algorithm. If STEMI is confirmed by the algorithm, the paramedics notify 
the CCU of the coming arrival of a patient and send the ECG by fax to the hospital. 
When the paramedics are in doubt about the diagnosis by the algorithm, the CCU 
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cardiologist is consulted by telephone. The CCU informs the catheterisation 
laboratory staff that a STEMI patient will be arriving. 
During transport the ambulance nurse provides the CCU with the patient's 
personal data and estimated arrival time at the hospital. If the catheterization 
laboratory is not ready at the time of arrival, the patient is initially admitted to the 
CCU. As premedication for PCI the paramedics administer heparin 5000 IU, 
acetylsalicylic acid (900 mg intravenously) and clopidogrel (600 mg orally) 13. 
This protocol of direct transport to the interventional centre is followed by all 
ambulance services stationed within 90 minutes of transport time from the hospital. 
All noninterventional hospitals are therefore bypassed. 
Study design 
A cross-sectional descriptive design was used to obtain information on time 
intervals. Patients treated with primary PCI were included if STEMI had been 
diagnosed in the ambulance and the hospital had been notified of the coming arrival 
of the patient. No patients from referring hospitals or the emergency department 
were included. 
In some cases thrombus aspiration was performed instead of balloon inflation. 
Therefore the term 'balloon inflation' in this article refers to either balloon inflation 
or thrombus aspiration. 
Stopwatches were used to collect precise data on time between the various steps 
in the process. To validate time registration, clock times at the start and stop of data 
collection were recorded. Furthermore, time registration around therapeutic 
procedures took place routinely and retrospectively in a written report by the 
cardiologist. 
The CCU nurse started recording time at the moment of STEMI diagnosis. From 
this moment, two routes were possible for the patient: preferably direct admission to 
the cath lab or, depending on the readiness of the cath lab and staff, initial admission 
to the CCU. Table 1 shows the time intervals that were recorded. If a patient was 




Clock time of diagnosis (T=o) 
Start of procedure (when sterile draping touches patient, in minutes on stopwatch) 
Sheath insertion completed (minutes on stopwatch) 
First balloon inflation or first thrombus aspiration (in minutes on stopwatch) 
First angiogram with TIMI-3 flow in infarct-related vessel (in minutes on 
stopwatch) 
End of procedure (X-ray off, in minutes on stopwatch) 
Arrival on CCU (in minutes on stopwatch) 
Clock time of arrival on CCU (in real time, for validation purposes) 
Table 1 Recorded time intervals for patients with STEMI treated with primary PCI. 
Demographical and clinical variables were collected from the patient charts and 
from the cath lab computer database, such as gender, age, distance to hospital, type 
and location of lesion, time of onset of chest pain, results from blood tests and blood 
gas analysis, and complications such as cardiopulmonary resuscitation, intubation, 
need for counterpulsation and concomitant pharmacological treatment. 
Anatomical obstacles and coronary abnormalities were recorded by the nurse 
when encountered during the procedure. The localisation of sheath insertion was 
recorded, as well as the number of wires, balloons or suction catheters used before 
first inflation or thrombus aspiration. 
Statistical analysis 
All data were analysed in SPSS, version 12.0.1. Where appropriate, Fisher's exact 
test, Mann-Whitney U, x2, ANOVA and binary logistic regression were used to 
calculate p values. A p value of ::;;0.05 was considered statistically significant. 
Results 
Patient characteristics 
From 1 December 2005 to 5 May 2006 a total of 255 patients with STEM! were 
treated with primary PCI. Of these 255 patients, 136 had a prehospital diagnosis 
established with direct transport to the hospital. The other patients were referred 
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from other hospitals (n=102) or the emergency department of the UMCG (n=17). Of 
the 136 potential candidates, complete evaluable time data were obtained in 100 
patients (74%). Baseline characteristics of the 36 patients not included in this study 
were similar to the 100 included patients (table 2). On hospital arrival, 59 patients 
were admitted directly to the cath lab, 41 were initially admitted to the CCU. 
Overall, anterior infarction was present in 39 patients. TIMI-3 flow in the infarct­
related vessel was present in 31 patients on first angiogram. Most patients (n=70) 
had elevated troponin levels. All procedures were performed via the right femoral 
artery. One patient died of cardiogenic shock due to anterior infarction. 
From the 100 patient sample, median time from prehospital diagnosis to balloon 
inflation was 70 minutes, with an interquartile range (IQR) from 60 to 78. This is 
well within recommended guidelines. Patients directly admitted to the cath lab were 
on average ten minutes faster than patients who were first admitted to the CCU ( 64 
vs. 74 minutes) (table 3). 
In total 18 patients did not receive first balloon inflation within 90 minutes after 
first medical contact. For these 18 patients, median medical contact to balloon time 
was 102 minutes (IQR 97-136). Patients undergoing a delay of more than 90 minutes 
to balloon inflation were on average older, had longer procedure times and more 
often had diabetes. Binary logistic regression analysis was performed, with age and 
diabetes as covariates. Procedure time was ignored. After regression analysis, age 
was associated with longer delay times (p=o.041), diabetes was not (p=o.293). 
Of the 18 patients with diagnosis-to-balloon time >90 minutes, 13 patients had to 
wait on the CCU on arrival at the hospital. Ten of these patients presented during 
office hours but, due to elective procedures, a catheterisation room was not 
immediately available. In four of the 18 patients, two STEMis presented almost 
simultaneously outside office hours. Using ANOVA to determine the relation 
between interventionalist and long delay, no significant difference was found 
(p=o.584). Furthermore, there was no relationship between long delay and time 









Age (years) 61±11.7 
Anterior infarction (%) 39 (39) 
Heart rate (beats/min) 80±18 
Systolic blood pressure 134±23 
(mmHg) 
BMI 26. 7±3. 7 
Transport time to hospital 28±12.2 
by ambulance (minutes) 
Diabetes (%) 
Hypercholesterolaemia (%) 








Previous PCI (%) 







































































BMI=body mass index, CAD=coronary artery disease, PCI=percutaneous coronary intervention; p value 
calculated comparing all included with not included patients. 
Table 2 Patient characteristics 
Median time from symptom 








P value comparing all included to not included patients. 
Table 3 Median delay times (Q25-Q75) 
so 
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Other reasons for a delay of more than 90 minutes were ventricular fibrillation 
prior to admission to the hospital (n=2), and abnormal anatomy of coronary origins 
(n=2). In one case, the interventionalist suspected a dissecting aorta, so a multisliced 
computed tomography was performed prior to coronary angiography. 
Prehospital Prehospital 
diagnosis-to-balloon diagnosis-to-balloon 
delay <90 min (n=82) delay �90 min (n=18) 
Age (mean) 58.6 68 
Distance to hospital (km, 32.6 33.5 
mean) 
Patient delay (median) 90 95 
Anterior infarction (%) 32 (42) 7 (39) 
Cath lab not available (%) 5 (6) 10 (56) 
Team not available 17 (21) 0 
Presentation during office 26 (32) 10 (56) 
hours 
Procedure time (median) 33 38 
Diabetes I and II 5 (6) 4 (22) 
BMI �30 18 (22) 2 (11) 
* Entered as covariates in binary logistic regression analysis. BMI=body mass index. 













Direct transport to a catheterisation laboratory for primary PCI circumventing other 
hospitals or the emergency department reduces time from the first medical contact 
to balloon inflation or thrombus aspiration3,14. In more than 80% of our STEMI 
patients, it is possible to perform an intervention within 90 minutes of prehospital 
diagnosis. 
Patients transported directly to the cath lab obviously have the greatest benefit 
from reduction in treatment time. However, in this study a delay interval of less than 
90 minutes was achieved in most cases, even in patients first admitted to the CCU of 
the UMCG. This is the result of agreements made between ambulance care, the CCU 
and the cath lab on fast transfer of patients with STEMI. The CCU keeps a bed 
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available at all times for emergency procedures, and the cath lab always has a room 
ready and equipped for instant availability outside office hours1s. 
On the other hand, delays of more than 90 minutes were more frequent in 
patients admitted to the CCU prior to intervention. The reasons for this delay are not 
patient related or CCU related but are due to limitations in cath lab capacity. One 
patient, whose diagnosis of STEMI was made within 30 minutes after symptom 
onset, had to wait on the CCU because another patient with a STEMI was admitted 
at the same time. This minimal interval between symptom onset and diagnosis is 
regretfully not standard. The median patient-related delay was almost 90 minutes 
for our study population, which is comparable with other studies16,17. The long 
prediagnosis delay may account for the elevated troponin levels in 70% of patients 
on hospital admission. The fact that almost half of the STEMI patients (119 of 255) 
did not enter the UMCG with a prehospital diagnosis but through (the emergency 
department of) referring hospitals suggests that, on the one hand, public knowledge 
as to when to detect myocardial infarction is not yet at its optimum, but on the other 
hand maybe not all STEMis are correctly diagnosed in the ambulance. 
When looking at patient characteristics, higher age is a risk factor for longer 
delays. A possible explanation might be that cardiologists are more conservative 
about treating elderly patients because of the higher risk of stroke and major 
bleeding in this patient category1s. 
Study limitations 
For reasons of accuracy and the need for a uniform approach to time registration, we 
decided to measure time intervals by using stopwatches. However, giving subject a 
stopwatch makes the subject more aware of the passing of time. This might result in 
a higher work pace and thus a positive colouring of the test results. On the other 
hand, CCU and cath lab staff are already fully aware that time is of essence when 
treating a patient with STEMI. So even if the stopwatch makes the staff more aware 
of time, they cannot act much faster than they already do. 
The inclusion forms were filled in correctly in 100 of the 136 patients eligible for 
the study. This left us with 26% of the patients who had been diagnosed 
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prehospitally, but for whom we did not have an accurate time measurement. Table 2 
shows that baseline characteristics for the 36 patients who were not included were 
similar to the 100 included cases. 
As stated earlier, time registration for the therapeutic procedures took place 
routinely and retrospectively in a report written by the cardiologist. We calculated 
that for the 100 included cases, on an individual level, the database time was 
unreliable, with differences between estimated and measured time ranging from 
minus 30 minutes to plus 20 minutes. However, we found on average little 
difference between stopwatch times and database times for the 100 included cases. 
This means that on a group level, delay times from diagnosis to balloon could be 
approximated for the 36 patients not included on the basis of the estimated data 
provided by the cardiologist. These delays were not different from the 100 included 
cases. Time between symptom onset and diagnosis was longer for excluded than for 
included patients (table 3). This difference is not significant (p=o.11) but the study 
may be underpowered to detect a significant difference. However, longer patient 
delay does not have an effect on the time registration procedure. 
Implications 
Regarding the finding that almost half of all STEMI patients from December 2005 to 
May 2006 were not diagnosed prehospitally but in other hospitals or in the 
emergency department, another study will be necessary to determine why not every 
STEM! patient is transported directly to the catheterisation laboratory or the CCU of 
an interventional centre. 
Conclusion 
Prehospital diagnosis and direct referral to an interventional centre for primary PCI 
enables a prehospital diagnosis to balloon time of less than 90 minutes in 82% of 
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Clinical correlates of arterial lactate levels 
Abstract 
Introduction Blood lactate measurements can be used as an indicator of 
hemodynamic impairment and relate to mortality in various forms of shock. Little is 
known at the moment concerning the clinical correlates of systemic lactate in 
patients with ST-segment elevation myocardial infarction (STEMI). 
Methods To assess the relation of systemic arterial lactate levels in STEMI patients 
with clinical correlates at presentation in the catheterization laboratory, we 
measured arterial lactate levels with a rapid point-of-care technique, immediately 
following femoral sheath insertion. The study population (n= 1,176) was divided into 
tertiles with lactate levels �1.1 (n = 410), 1.2 to 1.7 (n = 398) and �1.8 mmol/1 (n = 
368). We compared both baseline characteristics and outcome measures of the three 
lactate groups. 
Results Factors independently associated with higher lactate levels were 
hypotension, heart rate, thrombolysis in myocardial infarction (TIMI) flow o to 1, 
diabetes and non-smoking. Mortality at 30 days in the three groups was 2.0%, 1.5% 
and 6.5%. The latter group also showed lower blush grades and greater enzymatic 
infarct sizes. An intra aortic balloon pump (IABP) was used more frequently in 
patients with higher lactate levels (4.2%, 7.6% and 14. 7%). 
Conclusions In STEMI patients, impaired hemodynamics, worse TIMI flow and non­
smoking were related to increased arterial lactate levels. Higher lactate levels were 
independently related with 30-day mortality and an overall worse response to 
percutaneous coronary intervention (PCI). In particular, acute mortality was related 
to admission lactates �1.8 mmol/L. Point-of-care measurement of arterial lactate at 





The clinical value of circulating lactate has been extensively demonstrated in critical 
care medicine1• Blood lactate measurements can be used as an indicator of 
hemodynamic impairment and as a predictor of outcome in various forms of shock. 
In patients with cardiogenic shock, several studies document marked elevations in 
circulating lactate2-9. One of the most frequent causes of circulatory shock is acute 
myocardial infarction. When tissue perfusion is impaired during acute myocardial 
infarction, decreased oxygen delivery can induce muscle cells to preferentially use 
glycolysis and produce lactate from pyruvate, rather than oxidize pyruvate for 
mitochondrial energy production. In patients with ischemic heart disease, the 
amount of lactate released by the myocardium has been shown to be related to the 
severity of coronary artery disease10 • For patients with myocardial infarction, 
circulating venous lactate levels have been shown to be increased11• However, long 
transport times between blood sampling and analysis may have led to falsely high 
results12• Today rapid point-of-care analyzers are generally available, enabling fast 
measurement of lactate levels. 
The aim of this study was to determine the clinical correlates of systemic arterial 
lactate levels in patients with ST-elevation myocardial infarction (STEM!) prior to 
primary percutaneous coronary intervention (PCI) using a rapid point-of-care 
analyzer. We investigated whether hemodynamic parameters and other patient 
characteristics at admission were related to lactate levels. In addition, we related 
lactate levels at presentation to 30-day mortality, and other outcome measures such 
as TIMI-flow (thrombolysis in myocardial infarction), peak cardiac enzymes, ST­
segment elevation resolution and myocardial blush grade (MBG). 
Materials and methods 
Population 
This was a prospective, observational study performed in the catheterization 
laboratory of the University Medical Center Groningen, The Netherlands. In The 
Netherlands, primary PCI is the standard treatment for all patients with STEMI. All 
patients with diagnosed STEMI within the region of a hospital with interventional 
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capacities covered by a 90-minute radius by ambulance are either transported 
directly to the catheterization laboratory or referred by other non-interventional 
centers. Direct transport for mechanical reperfusion therapy has repeatedly been 
proven to improve survival in STEMI patients13,14. Before primary PCI, patients 
receive as premedication 5,000 IU of heparin, 900 mg acetyl salicylic acid and 600 
mg clopidogrel, either in the ambulance, at presentation in the catheterization 
laboratory or in the referring hospital. 
We evaluated all patients who were diagnosed with STEMI and treated with 
primary PCI in the catheterization laboratory of our hospital from January 2006 to 
September 2008. STEMI was diagnosed in patients with symptoms suggesting acute 
myocardial ischemia lasting more than 30 minutes, with the onset of symptoms less 
than 12 hours previously, and with ST-segment elevation of more than 0.1 m V in two 
or more leads on the ECG. Patients intubated prior to primary PCI after 
cardiopulmonary resuscitation were excluded, because lactate levels have been 
shown to be considerably elevated in resuscitated patients1s,16• The institutional 
review board exempted the study from formal review. 
Methods of measurement 
To measure lactate levels an arterial blood sample was taken directly after femoral 
sheath insertion using a self filling 1.5 ml PICO70 arterial sampler containing 60 IU 
of lithium heparin (Radiometer, Copenhagen, Denmark) . Lactate was measured 
within three to four minutes on an ABL 700/800 series analyzer (Radiometer) with 
a lower detection limit of 0.1 mmol/L. In a whole blood sample, the ABL analyzer 
converts lactate to pyruvate and hydrogen peroxyde. The hydrogen peroxyde is then 
reduced on a platinum anode, inducing a current proportional to the lactate level in 
the sample. This method has been shown to be fast and accurate, with results 
comparable to those from central laboratory analyzers1?,18• During the procedure, the 
operator was not informed of the result of the lactate measurement. 
Patient characteristics and details about the procedure and location of the 
infarction were taken from medical charts and the database of the catheterization 
laboratory. Blood pressure was measured in the ascending aorta. Hypotension was 
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defined as a systolic blood pressure of �90 mmHg19. The primary end point was 
death from all causes at 30 days. ST-segment elevation resolution was determined by 
comparing the 12-lead electrocardiogram (ECG) obtained directly prior to PCI to an 
ECG made 30 to 60 minutes after PCI. The percentages of resolution of the ST­
segment elevation were classified into three categories: >70%, 30 to 70% and <30%. 
MBG after PCI was assessed as previously described20, as well as the maximum 
levels of creatine kinase ( CK)21 and troponine T. As liver dysfunction can lead to 
impaired lactate clearance, all patients were screened for laboratory signs of liver 
dysfunction. We also specifically looked at metformin use in diabetic patients as it is 
known that metformin can lead to elevated lactate levels. Coronary blood flow before 
and after primary PCI was classified using the TIMI-flow grades. In the description 
of the results, MBG and TIMI-flow were dichotomized as o to 1 or 2 to 3. The use of 
IABP (intra aortic balloon pump) was also recorded. 
Statistical analysis 
All data were analyzed using SPSS version 14 (SPSS, Chicago, IL, USA). The study 
population was divided into tertiles based on admission lactate level. To indicate 
variation, we used means ± SD for normal distributions or medians with 
interquartile ranges (Q25 to Q75) for skewed distributions. Where appropriate, 
ANOVA, Kruskal-Wallis H, Chi-square tests and ordinal regression tests were used 
to make comparisons among the three groups of patients. To calculate multivariate 
relations of lactate and other baseline characteristics that were available before the 
first angiogram to 30-day mortality, we used binary logistic regression analysis. 
Lactate was entered into the analysis as a continuous variable after lognormal 
transformation. The variables of age, systolic blood pressure, heart rate, anterior 
infarction, diabetes, smoking and lactate were entered in a single step. To calculate 
differences in Kaplan-Meier curves we performed a logrank test (Mantel-Cox.). A P­
value of �.05 was considered statistically significant. 
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Results 
Baseline clinical characteristics and lactate levels From January 2006 to September 
2008, 1,420 patients with STEMI were treated with PCI at the University Medical 
Center of Groningen. Of these patients 73 were intubated (5%). For the 73 intubated 
patients, the median lactate level was 4.2 (1.5 to 7.9) with a range of 0.7 to 18.0 
mmol/L, and mortality at 30 days was 40%. 
In 13% of STEMI patients, an arterial lactate measurement was not performed 
prior to the primary PCI. Logistical reasons as technical maintenance of the ABL 
analyzer or the analyzer being in calibration mode were the cause of most of the 
missing cases. With regard to baseline characteristics and 30-day mortality, missing 
patients were similar to included patients. A total of 1,176 patients were included in 
the subsequent analyses. 
Lactate levels were positively skewed, with a mean level of 1.65 ± 1.01 mmol/L 
and a median level of 1.4 (1.0 to 2.0), range 0.5 to 10.9. Of the 1,176 included 
patients, most were male (72%) and the mean age was 64 ± 13. Anterior infarction 
was present in 39% of patients. Mean systolic blood pressure was 127 ± 27 mmHg, 
with 6% of patients presenting with hypotension. The mean heart rate was 78 ± 19 
beats per minute. TIMI-flow before PCI was rated as 0/1 in 66% of patients. Angina 
was present in the days to weeks before infarction in 50% of patients. In only three 
patients liver dysfunction was observed. The study population was divided into 
tertiles with lactate levels :51.1 (n= 410 ), 1.2 to 1. 7 (n = 398) and �1.8 mmol/L (n = 
368). 
Table 1 displays the baseline characteristics for the three lactate groups. In 
univariate analysis, patients in the three groups were different with respect to heart 
rate, incidence of hypotension and poor TIMI-flow, history of diabetes and history of 
smoking and admission creatinine. After regression analysis, clinical characteristics 
independently related to higher lactate levels were hypotension (P < .001), higher 
heart rate (P = .002), TIMI-flow o to 1 (P < .001), diabetes (P = .001) and non­
smoking (P < .001). Of 128 diabetic patients, 47 used metformin (37%). Lactate 
levels were higher in diabetic patients who used metformin compared to other 
diabetic patients: 2.3 mmol/L vs 1. 7 mmol/L (P = .005). 
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Lac � 1.1 Lac 1.2-1.7 Lac � 1.8 P 
mmol/L mmol/L mmol/L 
n =  410 
Gender (male) 73.9 
Age 63 ± 13 
BMI 26 ± 4  
Hypotension 4. 7 
Heart rate 77 ± 16 
Anterior infarction 40.9 
Time in minutes from 176 
symptom onset to lactate (128 - 297) 
measurement 
TIMI-flow o to 1 56.7 

























8.o ± 1.1 
77 (66 - 91) 
n = 398 
74.4 
63 ± 13 
27 ± 13 
4.0 
78 ± 19 
36.0 
160 









8.2 ± 1.1 
Bo (68 - 93) 
n = 368 
72.0 
64 ± 12 
28 ± 5 
14.3 
81 ± 21 
40.9 
173 









8.2 ± 1.2 




















*Independent correlates to admission lactate after regression analysis. Numbers as %, mean ± SD or 
median (Q25 - Q75); CABG, coronary artery bypass grafting; PCI, percutaneous coronary intervention; 
TIMI, thrombolysis in myocardial infarction. 
Table 1 Baseline characteristics, by tertile of lactate level 
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Lactate levels and outcome measures 
At 30 days, overall mortality was 3.2% (n = 38). In-hospital mortality was 2.2% (n = 
26). The distribution of 30-day mortality in relation to admission lactates is 
displayed in Figure 1. For patients with lactate levels >4.0 mmol/L mortality showed 
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The relations of the lactate tertiles with outcome measures are displayed in Table 2. 
In the group with lactates �1.8 mmol/L mortality was increased (2.0 vs. 1.5 vs. 6.5%, 
P < .001). In addition, for all other outcome measures except TIMI-flow and 
percentage of ST-segment resolution a significant difference between the three 
groups was found. When comparing patients in the first tertile to those in the second 
tertile separately, we found that the incidence of MBG 2/ 3 was lower in the second 
tertile, and peak cardiac enzymes levels were higher. These outcome measures were 
similar when comparing patients from the first tertile to patients from the last 
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tertile. IABP was needed in 4.2%, 7.6% and 14.7% of patients in each tertile (P < 
.001). 
30-day mortality 
TIMI-flow 2 to 3 






30 to 70% 
<30% 
CK total (peak, units/L) 
Troponine T (peak, µg/L) 
Lac !:: 1.1 
mmol/L 








(239 - 787) 
2.13 
(0.54 - 5.90) 
Lac 1.2 to 1.7 
mmol/L 








(542 - 2,239) 
3.63 
(1.45 - 7.11) 
Lac � 1.8 P 
mmol/L 








(488 - 2,801) 
3.89 







Numbers as %, mean ± SD or median (Q25 - Q75). CK, creatine kinase; PCI, percutaneous coronary 
intervention; TIMI, thrombolysis in myocardial infarction. 
Table 2 Outcome parameters by tertile of lactate level 
The Kaplan-Meier curve in Figure 2 displays 30-day proportional survival after 
primary PCI, stratified by the three tertiles of admission lactate. The differences in 
survival were significant (P < .001). We further examined the survival time of the 
non-survivors of the first 30 days. In the non-survivors from the first group, median 
survival in days was 13 (7 to 22), whereas for nonsurvivors from the second group 
median survival was 7 (4 to 16) . For non-survivors from the third group, median 
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Figure 2 Kaplan-Meier curve displaying 30-day proportional survival after primary PCI. 
In multivariate analysis, we determined if clinical characteristics and risk factors 
readily available at presentation (age, systolic blood pressure, heart rate, anterior 
infarction, diabetes, smoking and admission lactate) were independently related to 
30-day mortality. Table 3 shows the strength of each independent relation and the 
level of significance. Lactate was independently related to 30-day mortality, together 
with age, systolic blood pressure, heart rate and smoking status. Similar results 
except for smoking status were observed after excluding diabetic patients from the 
multivariate analysis. 
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Baseline characteristic Hazard Ratio 95% CI p 
Age 1.10 1.16 to 1.65 < .001 
Systolic blood pressure 0.96 0.95 to 0.98 < .001 
Heart rate 1.02 1.oo to 1.04 .028 
Anterior infarction 0.56 0.24 to 1.29 .174 
Diabetes 0 .64 0.22 to 1.89 -416 
Smoking 0.31 0.12 to 0.82 .017 
Lactate 2.52 1.12 to 5.66 .025 
CI, confidence interval 
Table 3 Multivariate relations of clinical characteristics to 30-day mortality 
Discussion 
In this study we found that elevated arterial lactate levels measured at presentation 
in the catheterization laboratory prior to PCI were related to hypotension, higher 
heart rate, poor TIMI-flow, diabetes and nonsmoking. Moreover, increased lactate 
levels were associated with worse outcome measures including increased 30-day 
mortality, lower MBG, larger enzymatic infarct size and increased use of IABP. Fifty 
percent of the non-survivors with admission lactates � 1.8 mmol/L died within a day 
after PCI. 
The additional value of an early lactate measurement with regard to patient risk 
stratification is probably most pronounced in patients with strongly elevated lactate 
levels, as has been demonstrated in patients with sepsis22 • The sharp increase in 
mortality for patients with admission lactates > 4.0 mmol/L as seen in Figure 1 
suggests that in these patients intensified medical care, such as IABP, may be 
considered, even after a successful PCI. The analysis of survival times for the non­
survivors corroborates this observation. That admission lactate had the strongest 
independent relation to mortality in a model with other easily obtainable clinical 
parameters as age, hypotension and heart rate, adds to our belief that lactate 
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measurement could be a part of standard laboratory assessment of patients with 
STEMI at admission in the hospital. 
The finding that mildly elevated lactate levels were associated with non-smoking, 
may be a reflection of the smoker's paradox23,24. Although age was not associated 
with elevated lactate levels, we too observed that smokers suffered from STEMI at a 
younger age than non-smokers (58 vs. 69 years, P < .001) . 
It was already recognized in 1961 that circulating lactate provides information 
about the hemodynamic condition of a patient2s,26 and that lactate was strongly 
related to survival in 142 patients with shock, including 40 patients suffering from 
cardiogenic shock [5] . Many studies in the emergency department and in the 
intensive care unit have since demonstrated that increased lactate levels are a strong 
predictor of early and late mortality in patients with cardiogenic shock, traumatic 
shock, sepsis and septic shock or liver failure27-29, as in non-diabetic patients with 
STEMI3°. In this last study, in 253 patients lactate was measured at the CCU after 
PCI. Lactate, homeostatic model assessment index (HOMA) and C-peptide were 
found to be independent predictors of mortality in the CCU. Lactate was also found 
to be higher in patients with increased insulin resistance. These results indicate that 
also in our study increased insulin resistance may have been causal in both the 
increased lactates and the adverse outcome, even in non-diabetics. 
Another study that measured venous lactate levels in patients with myocardial 
infarction found that two hours after symptom onset, most patients had elevated 
lactate levels 11• Out of 64 patients with myocardial infarction, 59 (92%) had venous 
lactate levels �1.5 mmol/L when measured in a central laboratory. Our findings are 
in contrast with these results. Apart from using arterial blood, another difference is 
that in our study, all lactate measurements were performed within three to four 
minutes from sampling. During transport, lactate levels may rise 0.1  to 1.2 mmol/L 
in the first hour, depending on the circumstances12 • Prompt measurement on a 
point-of-care analyzer in the catheterization laboratory probably resulted in more 
accurate and lower lactate levels compared to lactate measurement in a central 
laboratory. The previous studies also claimed on the basis of a few patients a high 
negative predictive value of venous lactate for acute myocardial infarction. In a much 
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larger patient group, we found that normal lactate levels occur in half of the patients 
with confirmed STEMI. 
These observations are in line with established physiological principles. Lactate 
through pyruvate provides under normal circumstances 10 to 40% of the myocardial 
fuel supply, making the heart an important net consumer of lactate. Impaired 
oxygen supply to parts of the myocardium can turn the heart into a lactate producer 
instead of a lactate consumer, as has been observed in several models10,31• 
Hypotension, stress and glycometabolic dysregulation3° may also lead to increased 
lactate levels. Our findings suggest further avenues of interest. One single lactate 
measurement can provide insight into the hemodynamic condition of the patient, 
but the fact that patients with high patency rates have lower lactate levels, could 
mean that after successful primary PCI, lactate levels normalize. Nowadays 
laboratory equipment that promptly performs lactate measurements is available to 
study the time course of lactate levels in patients with STEMI. 
Our study has a number of limitations. First, this study was performed in a single 
center. Second, not all STEMI patients were included: in 13% of patients, a lactate 
measurement at presentation was not performed. However, baseline characteristics 
and mortality figures of missing patients were similar to included patients; 
therefore, it is unlikely that our results were greatly influenced by selection bias. 
Additional parameters such as glucose, glycosylated hemoglobin (HbA1c) and brain 
natriuretic peptide (NT-pro BNP) that may be related with lactate levels were not 
available. 
Conclusions 
At admission, increasing arterial lactate levels were associated with higher heart 
rate, hypotension, poor TIMiflow, diabetes and non-smoking. Higher lactate levels 
were related to worse PCI outcome measures and increased 30-day mortality. Rapid 
point-of-care measurement ofarterial lactate at presentation in patients with STEMI 
has the potential to improve acute risk stratification. 
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Angio-Seal and StarClose versus manual compression 
Abstract 
Objectives To compare Angio-Seal (AS) and StarClose (SC) and manual compression 
(MC) on efficacy of hemostasis, complication rate, safety of early mobilization, and 
patient comfort. 
Background Closure of the femoral artery after cardiac catheterization can be 
obtained through different methods. Today, physicians can choose from a number of 
different devices to achieve arterial closure. 
Methods In a prospective trial 450 patients were randomized to AS, SC, or MC. 
Patients were mobilized 1 to 2 hr after device placement, and 6 hr after MC. Data 
were collected during hospital admission and by telephone at one month after 
hospital discharge. 
Results Devices were used in 138/150 allocated to AS and 124/150 allocated to SC 
patients (92% vs. 83%, P = 0.015) Patients with MC experienced more pain during 
sheath removal than patients receiving a device, and rated their period of bed rest as 
less comfortable. Oozing and need for pressure bandage at the puncture site were 
observed in 37 AS patients and 57 SC patients (25% vs. 38%, P = 0.002). Hematoma 
occurred in 15 AS patients, in 17 SC patients, and in 14 MC patients (11 vs. 14 vs. 9%, 
ns). 
Conclusion There is no difference in safety between the three methods of arterial 
closure. SC was more often not used or successfully deployed. SC patients more often 
had continuing oozing. On patient comfort, closure devices performed better than 
MC. Early ambulation in patients with a closure device is safe. AS is the preferred 




The radial and femoral approach is most commonly used to obtain arterial access in 
cardiac catheterization. Before the introduction of closure devices, closure of the 
arterial access site after sheath removal was obtained by manual compression (MC) 
during 10 min, followed by a pressure bandage and a 6 hr period of patient bed rest. 
Several studies have shown that the use of closure devices after diagnostic and 
therapeutic catheterization is safe1-3 even in combination with glycoprotein IIB/IIIA 
inhibitors4-6• The deployment of closure devices can also lead to safe early 
mobilization and result in a shorter hospital admission7,8 • In our hospital, 
cardiologists can choose between Angio-Seal (AS) (St. Jude Medical) and StarClose 
(SC) (Abbott) for closure devices. Ratnam et al. were the first to describe equal safety 
between AS, SC, and MC9. This study however, was not randomized and may also 
have taken into account the learning curve of SC deployment, leading to significantly 
less successful hemostasis in the SC group. Since SC has been introduced in 2005 in 
the University Medical Center of Groningen, the learning curve as already been 
completed. We could therefore design a randomized study to compare AS and SC to 
MC. 
It was the aim of this study to determine, which of the three methods of arterial 
closure used in our hospital is superior, regarding efficacy of hemostasis, 
complication rate, safety of early mobilization, and patient comfort. 
Methods 
We performed a prospective study to randomize 450 consecutive patients admitted 
for elective cardiac catheterization procedures in three groups: arterial closure 
through (1) AS, (2) SC and (3) MC. The design of both devices has been described in 
previous articles2,10-12• Patient inclusion took place between October 23rd, 2006 and 
March 23rd, 2007. The inclusion criteria were: admission to the short stay unit of 
our hospital for diagnostic or interventional cardiac catheterization, and eligibility 
for femoral access. No femoral injection was performed before deciding if the vessel 
was suitable for closure device or before deciding if the patient could be randomized 
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to a closure device or MC. No patients were excluded for reasons of high or low 
arterial puncture. Procedures were performed routinely through a 6 French sheath. 
The team of interventional cardiologists of the UMCG has six members, each 
performed annually at least 300 procedures the last 4 years. Two groups of three 
cardiologists were formed, based on preference and experience. Each group used 
only AS or SC for closure device, MC was performed by all. Prior to this study, each 
cardiologist had performed at least 30 closure procedures with his preferred device. 
Patients received a device or MC based on order of presentation. After each second 
device implantation, in the third patient MC was performed. 
After arterial closure, patients with a device were mobilized after 1 (diagnostic) or 
2 (intervention) hr of bed rest. After MC the usual period of 6 hr bed rest was 
maintained. During bed rest, patients were instructed to lie flat on their backs. The 
leg on the puncture side was to remain straight. To keep the patients from raising 
their heads, a small inclination of at most 308 of the head of the bed was allowed. 
After discharge, patients were provided with rules of conduct regarding the puncture 
site (Table 1). These rules have been formed on basis of the information provided by 
both manufacturers for devices and on basis of clinical experience for MC. 
End points were: success of hemostasis, oozing, hemoglobin change during 
hospital admission, complications (hematoma, need for blood transfusion, surgical 
intervention of access site, infection). Success of hemostasis was defined as absence 
of pulsatile blood leakage directly after device placement. Oozing was defined as soft, 
nonpulsatile blood flow from the puncture site. We defined hematoma as a localized 
collection of blood, visible or palpable around the puncture site, with a minimal 
diameter of 5 cm. 
To assess patient comfort all patients were called at their homes by the nurse 
practitioner. Table 2 shows the questions of the survey. For scoring purposes, we 











1 day after 2 days after 
discharge discharge 




3-4 days after 1 week after 
discharge discharge 
• Journey home under family escort 
MC 
1 week after 
discharge 




1 week after 
discharge 
• During the first 24 hours someone should be 
present to assist in case of bleeding or other 
complication 
• Small bruising and sensitivity of the puncture site is 
normal 
• Change your bandage daily until your skin has 
recovered 
• Contact your physician in case of: 
• swelling at puncture site 
• bleeding 
• increasing pain at puncture site or leg 
• discolouration of leg or foot 
• itching skin or rash 
Table 1 Rules of conduct for 3 groups of vascular closure. 
Bo 
Angio-Seal and StarClose versus manual compression 
1. Did you contact your general practitioner or another physician with complaints 
or questions regarding the puncture site? 
(no / yes, reason) 
2. On a scale from 0-5, how painful was closure device deployment / manual 
compression? 
( o = no pain, 5 = maximum) 
3. On a scale from 0-5, how comfortable was your bed rest period after sheath 
removal? 
( o = comfortable, short, 5 = very uncomfortable, too long) 
4. On a scale from 0-5, did you experience difficulty keeping up with the rules of 
conduct? 
( o = not difficult at all, 5 = very difficult) 
Table 2 Survey by phone, one month after discharge 
From the medical chart, patient characteristics, risk factors, hemodynamic 
parameters during the procedure, diagnostic and therapeutic results were collected. 
When a diagnostic procedure led to coronary intervention, PCI (percutaneous 
coronary intervention) was noted as procedure. If a device was not used or deployed, 
patients received MC, but for data-analysis remained in the AS or SC cohort. In case 
of planned MC, sheath removal was promptly performed after diagnostic 
catheterization. For PCI, standard anticoagulant therapy consisted of heparin 5000 
IE, clopidogrel 600 mg and acetyl salicylic acid 600 mg. Abciximab was 
administered at the discretion of the physician. After PCI, an aPTI was measured 2 
hr after intervention, prior to sheath removal and MC. 
Written informed consent was obtained from all patients prior to randomization. 




All data were analyzed by the intention to treat principle, using SPSS version 12.0.1. 
Data are presented as mean 6 SD or median (IQR) unless otherwise specified. A 
subgroup analysis was performed for diagnostic and intervention procedures. To 
calculate P-values, we used Student t-test, Mann-Whitney U-Test, and Pearson's Chi 
Square. All P values of 0.05 and below were considered statistically significant; other 
values are presented as ns (not significant). 
Results 
Table 3 shows data on patient characteristics. There were no significant differences 
between groups regarding baseline characteristics and type of procedure. Overall, 
most patients were male (71%), average age was 63 years. In the patients who had 
diagnostic procedures, 175 had no significant coronary artery disease (39%). In 36 
patients (8%) lesions were not eligible for immediate intervention. PCI was 
performed in 239 patients, of a single vessel (n = 174, 73%), two vessels (n = 59, 
25%) or three vessels (n = 5, 2%). 
The closure device was not used or deployed in 38 patients (nAS = 12, nSC = 26, 
P = 0.015). In 11 patients, the device failed to achieve hemostasis (nAS = 2, nSC = 9, 
P = 0.06). Additional reasons for deviating from the protocol were multiple 
punctions, calcified artery, pre-existent hematoma or hematoma developed during 
catheterization, or other (Table 4). 
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Overall Angio-Seal StarClose MC p 
(n=450) (n= 150) (n=150) (n=150) 
Gender (male) 321 (71%) 102 (68%) 109 (73%) 110 (73%) ns 
Age 63.2 ± 11.7 62.7 ± 11.8 64.1 ± 10.8 62.9 ± 12.5 ns 
Body Mass Index 28.1 ± 4.8 27.7 ± 4.4 28.4 ± 5.0 28.1 ± 5.0 ns 
SBP 139 ± 20.9 140 ± 21.7 138± 20.2 139 ± 21.0 ns 
DBP 76 ± 11.5 76± 12.0 76 ± 11.5 76 ± 11.0 ns 
Heart rate 70 ± 13.3 70 ± 14 70 ± 13 71 ± 13 ns 
Comorbidities 
Diabetes 100 (22%) 37 (25%) 30 (20%) 33 (22%) ns 
Smoking 72 (16%) 25 (17%) 26 (17%) 21 (14%) ns 
Hypercholesterolemia 67 (15%) 25 (17%) 22 (15%) 20 (13%) ns 
Previous MI 99 (22%) 22 (15%) 38 (25%) 39 (26%) ns 
Previous CABG 65 (14%) 23 (15%) 18 (12%) 24 (16%) ns 
Previous PCI 130 (29%) 48 (32%) 43 (29%) 39 (26%) ns 
PVD 30 (7%) 9 (6%) 13 (9%) 8 (5%) ns 
CVA 25 (5%) 6 (4%) 9 (6%) 10 (7%) ns 
Hb at admission 8.8 ± 0.93 8.8 ± 0.90 8.7 ± 0.92 8.8 ± 0.96 ns 
Diagnostic procedure 211 (47%) 74 (49%) 67 (45%) 70 (47%) ns 
No CAD 175 62 55 58 
Left Main 4 0 1 *  3 
1 VD 8 2 3 3 
2 VD 5 1 2 2 
3 VD 22 9 7 6 
PCI 239 (53%) 76 (51%) 83 (55%) Bo (53%) ns 
No. of vessels 1: 174 1: 55 1: 64 1: 56 
2: 59 2: 21 2:  16 2: 22 
3: 5 3: 0 3: 3 3 : 2 
*) One patient had Left main and 3VD 
SBP = Systolic blood pressure; DBP = Diastolic blood pressure; MI = Myocardial infarction; CABG = 
Coronary artery bypass grafting; PCI = Percutaneous coronary intervention; PVD = Peripheral vascular 
disease; CV A = Cerebral vascular attack; CAD = Coronary artery disease; VD = Vessel disease. 










*) p=o.015 **) p=o.06 
















Bed rest period, minutes 145 (90-180) 
Oozing 
diagnostic 92 (80-120) 














































480 (395-535) <0,001 
396 (384-420) 0,001 












Abciximab 21 (14%) 
(n=38) (n=38) 
41 (35-69) 
16 (11%) n=149 25 (17%) 
*) Discharge Hb - Admission Hb **) All patients with oozing received a pressure bandage 
ns 
PCI = percutaneous coronary intervention; ACT = activated clotting time; aPTT = activated partial 
thromboplastin time 
Table 5 Outcome parameters 
Angio-Seal and StarClose versus manual compression 
Efficacy of Hemostasis 
Successful hemostasis was achieved in 148 AS patients, in 141 SC patients and 150 
MC patients (Table 5). When comparing success rates, no significant difference was 
found between AS and MC patients. SC patients had a significantly lower success 
rate compared with MC (P = 0.003). 
SC patients showed more oozing after device placement than AS patients (54 vs. 
32, P = 0.001), all patients with oozing received a pressure bandage. Patients with 
MC had longer bed rest times than patients with a device (AS 145 vs. SC 150 vs. MC 
480 min, P < 0.001). 
Complication Rate 
The incidence of hematoma was similar in all groups. In patients with hematoma, 
average hemoglobin drop between admission and discharge was o. 77 mmol/L 
compared with 0.35 mmol/L in patients without hematoma (P < 0.001). Hematoma 
occurred more often in patients treated with abciximab (27%, n = 14) than in 
patients without abciximab (9%, n = 32) (P = 0.003). After hospital discharge 
there was no difference in complication rate between the three groups. 
In total 19 patients contacted a physician regarding pain or bruising of the 
puncture site (9 AS, 6 SC, and 4 MC). Ten patients consulted their general 
practitioner, 9 patients came to the emergency department of the hospital. In 13 
patients, no action was required. Three patients showed false aneurysm on 
ultrasound (one in each group), all managed without surgical intervention. Two AS 
patients required additional hospital care due to swelling of the puncture site. 
Treatment consisted of applying a pressure bandage and a period of bed rest. Both 
patients were discharged from the hospital the next day. 







After 1 month patients reported that MC was more painful than either device (Fig. 1) . 
Patients who received MC rated their bed rest period as less comfortable than 
patients with AS or SC (Fig. 2). SC patients reported significantly less difficulty to 
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Reported pain sco re 
AS-SC: p = ns 
AS-MC: p = 0.001 
SC-MC: p = 0.004 
Higher scores mean more pain. 
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Figure 2 
AS-SC: p = ns 
AS-MC: p < 0.001; 
SC MC: p < 0.001. 











Angio-Seal and StarClose versus manual compression 
Method of c losure 
121 Angie-Seal 
6 starClose 
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Keeping up with rules of conduct 
Figure 3 
AS-SC: p = ns 
AS-MC: p < 0.001 
SC-MC: p = 0.003 
Higher scores mean more difficulty. 
Discussion 
This is the first prospective study comparing patients randomized to AS, SC and MC 
on efficacy and safety. The overall successful placement for SC was lower than for 
AS, and oozing occurred more frequent in patients with SC. In patients' experience, 
receiving a closure device prevails over MC in terms of pain at deployment, and 
length of bed rest. Following the rules of conduct regarding the puncture site was not 
difficult for patients in either group, but patients with SC reported less difficulty 
compared with MC patients. 
The major advantage for using a device instead of MC is the possibility for early 
mobilization. The present study shows that with either device, mobilization after 1 or 
2 hr after device placement is safe with regards to hematoma and local bleeding. 
Subsequently, the consequence was that AS and SC patients for diagnostic 
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catheterization who were back on the short-stay ward before noon were discharged 
the same day, having obvious advantages for the patient as well as the hospital. This 
study did not focus on the cost-effectiveness of deploying closure devices, but some 
research has recently been done in that area by Resnic et al : the routine use of AS 
after PCI is associated with net cost savings compared with MC14. 
Nikolsky et al. reported in a large meta-analysis that for diagnostic procedures, 
closure devices and mechanical compression have a similar risk of access-siterelated 
complications. Moreover, for PCI, MC was the preferred method of closure1s. Our 
study shows that no difference was found between diagnostic and PCI procedures on 
complication rate. Ratnam et al. [9] also described in a nonrandomized study equal 
safety between AS, SC and MC, regardless of the type of procedure. However, we 
found that SC patients showed more oozing of the puncture site after device 
placement, which required extra nursing care. In some cases, oozing continued for 
over 24 hr. Oozing has been reported before in patients with SC and GPIIb/IIIa 
inhibitors12 • Since the activated clotting time (ACT) and the use of G PIIb /Illa 
inhibitors was the same in the three groups, oozing in the SC group probably was 
due to the deployment procedure. 
When looking at the reasons for deviating from the research protocol, failure to 
achieve hemostasis was present in 2 AS and 9 SC patients. Though this difference is 
not significant (P = 0.06), the trend seems favorable towards AS, even more so when 
compared with MC. Lower successful hemostasis rate with SC was also reported by 
Ratnam9, but may have been caused by including the learning curve of SC placement 
in the study period. In our study, operator induced bias could also be the cause for 
the differences in success between AS and SC. However, the choice for either device 
was made by each cardiologist based on preference and experience, prohibiting 
deliberate negative outcomes. Within groups, there was no difference in success rate 
between operators. 
Limitations 
This was a single center study, with patients admitted to the short stay unit. No 
patients with acute coronary syndrome were included. This could have lead to a 
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preselection of patients, being that only patients with a (suspected) low complication 
rate were included in the study. If that were the case, it would benefit all three 
groups. 
The method of closure was allocated to consecutive patients in a predefined order 
(device-device-manual). Whether a patient received AS or SC was dependent on 
which designated cardiologist performed the catheterization. This means that the 
process of randomization was based on the order of presentation of the patients at 
the catheterization laboratory. This order, as well as the allocation of patients to a 
cardiologist was determined completely apart from this study by the patient 
planning office. 
Conclusion 
There is no difference in safety between the three methods of arterial closure. SC was 
more often not used or deployed, and had lower successful hemostasis rate 
compared with MC. Patients with SC needed more nursing care after placement for 
continuing oozing. On patient comfort, closure devices prevail over MC. Early 
ambulation in patients with a closure device is safe. AS is our preferred method of 
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Clinical performance indicators 
Abstract 
Quality indicators in cardiology can be used to guide performance at a patient level, 
or at an organizational level. To positively influence adherence to performance 
guidelines, policymakers have to ensure that employees are involved in the 
development of guidelines and indicators. The first phase for selecting performance 
measures is creating a set of performance indicators. The aim of this study was to 
identify performance indicators with a high degree of consensus among 
professionals in daily practice for interventional cardiology. 
Each of the 50 predefined performance indicators was rated by 17 cardiologists 
and 17 head nurses (one from each participating center) on a 5-point scale. The 
cluster of indicators with the highest scores was resubmitted to the participants of 
the first phase for verification. After the second phase, performance indicators with 
90% positive score for inclusion were qualified as key performance indicator (KPI). 
In the first phase, 24 of 34 response forms were returned (71%). Performance 
indicators with the highest overall mean scores were complications (4. 71), in­
hospital delay for patients with acute myocardial infarction (4.67), mortality (4.63), 
technical result (4-42), and patient satisfaction (4.38). The scores of cardiologists 
and nurses showed similar patterns. Nineteen indicators were selected for 
verification. After the second phase, 8 indicators qualified as KPI: complications, 
data flow, in-hospital delay, frequency of heart team meetings, number of 
procedures per center, mortality, restenosis rate, and use of protocols. The 8 KPI are 




Quality indicators in cardiology are often aimed at guiding performance at a patient 
or micro level. Examples of these indicators are: use and dosage of statins, beta­
blockers and angiotensin-converting-enzyme (ACE)-inhibitors after myocardial 
infarction, smoking cessation counseling and/ or cholesterol measurement. Other 
indicators aim to measure performance or efficiency at an organizational level, such 
as in-hospital mortality, same day coronary artery bypass graft after percutaneous 
coronary intervention (PCI) and time to treatment for acute myocardial infarction1-3.  
In most cases, quality performance indicators are the result of extensive research 
and broad consultation between occupational groups and organizations4,s. 
The implementation of best practice methods to upgrade a standard performance 
level could improve clinical efficacy and efficiency and overall improvement in 
organizational performance6-9. To stimulate employee adherence to performance 
guidelines, policymakers have to ensure that employees are properly motivated and 
involved in the development of guidelines and indicators10,11 • However, finding 
appropriate indicators remain difficult. It appears to be almost impossible to 
characterize medical, technical, and nursing expertise in a well-balanced manner by 
a small set of performance indicators. It should also be recognized that external 
indicators used for benchmarking and comparison between centers are not the same 
as internal indicators aimed at self-regulation and improvement. 
In 2005, Spertus et al12 published a methodology for selecting and creating 
performance measures to quantify the quality of cardiovascular care. The 
development and implementation of new performance measures was described as a 
multiphase process, consisting of 3 phases: (1) constructing measurement sets, (2) 
determining measure feasibility, and (3) measuring performance. 
The aim of this study was based on the first phase: to identify relevant, usable, 
and internally defined indicators with a broad consensus among professionals (ie, 
interventional cardiologists and nurses) in daily practice of interventional 
cardiology. We were also interested to see whether there were differences in opinion 
between the 2 professional groups. 
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Methods 
To facilitate the identification of broad consensus performance indicators, the 
study was divided into 3 phases. In the first phase, it was necessary to predefine a 
large number of indicators in which we were interested. The scope of expertise was 
limited to the percutaneous invasive treatment of patients eligible for acute and 
elective revascularization Performance indicators were taken from available 
literature, supplemented by indicators from the authors own frame of reference 
using a phenomenological approach 13 . The primary interest of this study was on the 
organizational, medical, and technical aspects from the view of the doctor and 
nurses. By filtering out the overlap between the 2 views, 50 performance indicators 
at patient and organizational level were identified (Table 1). Each indicator was 
provided with a pragmatic definition and a description of possible outcome 
parameters. 
In the second phase of the study, the 50 predefined indicators were, in random 
order, submitted to 17 centers with interventional cardiology in the Netherlands. 
Every performance indicator was rated on basis of personal expertise by one 
randomly selected cardiologist and one head nurse per center on a 5-point scale. 
Each participant was contacted personally before sending the survey. We adapted 
the sample rating form from Spertus et al 12, an example of the response form can be 
found in Appendix 1. Participants could voluntarily mention performance indicators, 
which in their opinion were missing. 
For the inclusion score of every indicator, a mean overall score and mean score 
per profession was calculated, and indicators were arranged by order of descending 
overall mean. Differences between cardiologists' and nurses scores were analyzed 
using Mann-Whitney U test. For the third phase, we identified the cluster of 
performance indicators with the highest scores, and resubmitted these indicators to 
the same respondents of the first round for verification. In this verification phase, 
performance indicators were rated with yes or no to the question of inclusion in the 
final set of key performance indicators. After verification, only the performance 
indicators with > 90% score of "yes" according to the experts in the field were 
qualified as key performance indicator (KPI). 
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Atmosphere of workspace 
Availability of outpatient clinic 
Bureaucracy of organisation 
Business plan 
Collegiality 
Competition between centres 
Complications 
Data flow between professionals 
Diversity of material 
Division of means 
Ethics 
Evaluation of care process 
Facility for part-time work 
Heart team meetings 
Implementation of Innovations 





Length of Hospital stay 
Mortality 
National profile in media 
Number of procedures per center/year 
Number of PCI per professional/year 
Number of revascularisations/year 
Table 1 Predefined Performance indicators 
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Patient education and enlightenment 
Patient need assessment 
Patient pain and stress score 
Patient Satisfaction 




Professional career options 
Quantity per lesion type 
Radiation safety 
Relief of chest pain at first outpatient 
clinic visit 
Research and development 
Restenosis rate 
Reward/Salary 




Use of abciximab 




Work space and design 
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Results 
Of the 34 questionnaires, 24 (71%) were returned by 13 physicians (76%) and 11 head 
nurses (65%). From the 17 participating centers, we obtained from 16 at least 1 
response form from either a cardiologist or head nurse. 
Respondents had between 2 and 24 years of experience in interventional 
cardiology, with a mean of 11. 7 years. The 10 highest scoring indicators for each 
profession are displayed in Tables 2 and 3. For cardiologists, complications, in­
hospital delay for patients with acute myocardial infarction and mortality scored the 
highest means. For head nurses, highest means were scored on patient satisfaction, 
in-hospital delay and complications. Lowest scoring means with cardiologists are 
facility for part-time work (2.00) and salary/reward (1.92) .  For head nurses, job 




2. In-hospital delay 
3. Mortality 
4. Number of PCI per professional 
5. Technical Result 
6. Restenosis rate 
7. Patient education and enlightenment 
8. Number of PCI per center 
9. Intercollegial assessment 
10. Waiting lists for PCI 











Table 2 Highest scoring performance indicators according to cardiologists 
Performance Indicator 
1. Patient satisfaction 
2. In-hospital delay 
3. Complications 
4. Mortality 
5. Intercollegial assessment 
6. Use of protocols/standardization 
7. Technical result 
8. Data flow 
9. Number of total revascularization 
procedures 
10. Patient education and enlightenment 
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Figure 1 shows the mean values per indicator for both professions, ordered by 
descending overall mean. Performance indicators with the highest overall means 
are: complications (4.71), in-hospital delay (4.67), mortality (4.63), technical 
result/success rate (4-42), and patient satisfaction (4.38). Scores from the physicians 
and nurses showed were similar for every indicator (P values for difference between 
0.08 and 1). Four respondents provided 10 extra performance indicators, presented 
in Table 4. Two of these additional indicators were mentioned twice. 
Figure 2 shows a scatter plot of descending overall mean score and rank. Between 
performance indicators ranked 19 and 20 (length of hospital stay and quantity per 
lesion type) a drop in mean rating occurs. The cluster above the drop was verified by 
the participants of the first round. After verification, 8 performance indicators 
scored90% on yes to the question of inclusion in the final set of indicators. Table 5 
shows the 8 KPI as well as their pragmatic definition and possible outcome 
parameters. 
+ Number of near and/or avoidable accidents 
+ Ratio acute and elective PCI 
+ Success rate for primary PCI 
+ Number of stents per lesion 
+ Number of acute and sub acute stent thrombosis (mentioned twice) 
+ Success rate for PCI of chronic total occlusions (mentioned twice) 
+ Regular meetings on the occurrence of complications 
+ Written agreements with ambulance care / referring physicians / general 
practitioners 
+ Percentage of emergency CABG 
+ Percentage of procedures with IABP support 
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COMPLICATIONS 
Defined as: Percentage of adverse events related to PCI, apart from local complications at 
puncture site 
Numerator: Number of patients with one ore more complications 
Denominator: Number of patients undergoing elective and acute PCI 
DATA FLOW BETWEEN PROFESSIONALS 
Defined as: Methods to transfer patient related data, information flow between professionals 
Possible outcomes: Digitally, By telephone, Verbally, On paper/status 
IN-HOSPITAL DELAY FOR PATIENTS WITH STEMI 
Defined as: Door-to-balloon time or ECG-to-balloon time for patients with ST elevation 
myocardial infarction 
Outcome: Mean or median time in minutes 
HEART TEAM MEETINGS 
Defined as: Frequency of heart team meetings (between cardiologist and surgeons) 
Outcome: Number of meetings per week or month 
NUMBER OF PROCEDURES PER CENTER 
Defined as: Number of patients undergoing elective and acute cardiac interventions per year 
Outcome: Number of patients 
OVERALL MORTALITY 
Defined as: Percentage of patients dying during or as a direct result of revascularization 
Numerator: Number of deaths 
Denominator: Number of patients undergoing elective and acute PCI 
RESTENOSIS RATE 
Defined as: Percentage of procedures for reasons of in-stent restenosis 
Numerator: Number of procedures for reasons of in-stent restenosis 
Denominator: Total number of procedures annually 
USE OF PROTOCOLS FOR COMPLICATED PROCEDURES 
Defined as: Presence of protocols for specific procedures (e.g. left main stenting, 
rotablation, IABP insertion) 
Numerator: Number of protocols available and in use 
Denominator: Total number of different procedures 




This is the first study to identify performance indicators for PCI laboratories on a 
national level, using the expert opinion of interventional cardiologists and nurses. 
The study was aimed at defining a set of performance indicators for Dutch 
interventional cardiology, with a broad consensus between professionals in the 
catheterization laboratory. The results demonstrate a large degree of agreement 
between medical and nursing professionals on defining KPls. Mortality and in­
hospital delay for patients with myocardial infarction scored high by both 
professions, and remained among the highest scoring indicators after verification. 
These 2 widely recognized performance indicators2 ,s,9,i4-16 are accompanied by 6 
other, less common indicators as complications, frequency of heart team meetings, 
number of procedures per center, restenosis rate, and use of protocols for 
complicated procedures. Interestingly, technical result, patient satisfaction and 
intercollegial assessment (ranked fourth, fifth, and sixth after the first round) 
dropped out after the verification round, while data flow (originally ranked 15th) 
persisted. By stating beforehand that we only qualified indicators with > 90% 
confirmation as KPI, we ensured that only the indicators with the highest amount of 
consensus within the work field surfaced. Apparently, technical result, patient 
satisfaction, and intercollegial assessment did not reach that consensus by the 
interventional professionals who cooperated to this study. 
When scrutinizing the final 8 KPI, it can be observed that 4 of 8 indicators focus 
on outcome (complications, number of procedures, mortality, and restenosis) . Three 
other parameters (frequency of heart team meetings, in-hospital delay, and use of 
protocols) concern structure of the interventional laboratory. The last parameter 
(data flow) can be perceived as a process indicator. The structural and outcome 
indicators can be quantified in a simple and easily obtainable and understandable 
figure. The key to quality measurement and improvement may depend on the ability 
to transform an abstract concept into a quantifiable variable. Our respondents made 
a clear choice for indicators with a distinct quantity aspect. That 7 of 8 indicators 
refer to structure and outcome could mean that in judging the variables, our 
respondents were primarily focused on the quality of the catheterization laboratory 
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as a unit, instead of quality per procedure or per professional. This seems a logical 
approach to the question of quality, when addressed from the work floor as we did in 
this study. By defining the conditions that the catheterization laboratory as a unit 
has to meet, the team as a whole becomes responsible for maintaining and 
improving quality of care. 
The reliability of quality assessment depends on the willingness of the 
respondents to fill in forms and provide the correct figures17. This is similar for 
surveys on developing performance indicators. That we obtained at least 1 of 2 
response forms from 16 of 17 participating centers, demonstrates a wide spread 
cooperativeness to develop measures of quality. Moreover, 2 internationally 
recognized performance indicators (in-hospital delay and mortality) were also a part 
of the final 8 KPI in this study. This supports our idea that the results reflect the 
current opinion in interventional cardiology in the Netherlands. 
As technological developments in interventional cardiology are ongoing at a 
sometimes accelerated pace, continuous review of the quality of care is necessary. 
After the assessment of a set of practicable performance indicators at the 
catheterization laboratory, the results of this study should be translated into a 
clinical performance measurement system. We believe however, that such a system 
should not restrict itself to just the 8 KPI from this study. Again, the 8 KPI reflect the 
current consensus in Dutch interventional cardiology, but the exact scope of interest 
per center may and will vary. A tailored system of performance measurement aimed 
at internal regulation and improvement should therefore be implemented and if 
necessary expanded in each center separately, using the 8 KPI from this study as 
starting point. 
Conclusion 
Key performance indicators for daily practice with a high degree of consensus in 
Dutch interventional cardiology are endorsed by cardiologists and nurses. The 8 KPI 
are both quantifiable and aimed at the catheterization laboratory as a unit. In­
hospital delay in treatment of acute myocardial infarction and mortality are 
internationally widely recognized performance indicators, accompanied by 
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complications, number of procedures per center, frequency of heart team meetings, 
data flow, restenosis rate, and use of protocols. 
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Appendix 1: Sample of response form 
Performance indicator: Restenosis 
Description: Percentage of procedures for reasons of in-stent 
restenosis 
Result: Numerator: Number of procedures for reasons 
of in-stent restenosis 
Denominator: Total number of procedures 
annually 
Inclusion 
1. This performance indicator should be a part of the set of Key Performance 
Indicators 
1 2 3 4 5 
Definitely not Maybe Definitely yes 
If you can't answer the above question directly, you can use the following criteria 
to assess the performance indicator. 
Patient results 
2. This erformance indicator is evidence-based 
1 2 3 4 5 
3. The result of this performance indicator can be interpreted by professionals in 
interventional cardiology 
1 2 3 
4. The erformance indicator is a licable in the dail 
1 2 3 




5. The indicator is relevant for daily practice of interventional cardiology 
1 2 3 4 5 
6. Validity: 
6.1. the indicator can be accurately measured 
1 2 3 
6.2. the indicator is a 
1 




ractice of interventional cardiolo 
4 5 
6.3. the indicator is coherent with other erformance indicators in the same field 
1 2 3 4 5 
7. The indicator can be re roduced in other centers for interventional cardiolo 
1 2 3 
Data collection for the indicator 
8.1. Data collection for the indicator is easy 
1 2 3 
4 
4 
8.2. Data collection for this indicator re uires no low bud et 
1 2 3 4 
8.3 .  Data collection for this indicator takes not much time 






9. This performance indicator should be a part of the set of Key Performance 
Indicators 





Planning and monitoring of ECV patients 
Objectives This study evaluated the waiting list for elective electrical cardioversion 
(ECV) for persistent atrial fibrillation (AF), focusing on when and why procedures 
were postponed. We compared the effects of management of the waiting list 
conducted by physicians versus management by nurse practitioners (NPs) and we 
evaluated the safety of our anticoagulating policy by means of bleeding or 
thromboembolic complications during and after ECV. 
Background Not all patients selected for ECV receive their treatment at the first 
planned instance due to a variety of reasons. These reasons are still undocumented. 
Methods We evaluated 250 consecutive patients with persistent AF admitted to our 
clinic for elective ECV. 
Results Within s to 6 weeks, 186 of 242 patients (77%) received ECV. The main 
reason for postponing an ECV was an inadequate international normalised ratio 
(INR); other reasons included spontaneous sinus rhythm and switch to rate control. 
A total of 23 of the 147 patients (16%) managed by the research physician were 
postponed due to an inadequate INR at admission versus 4 out of 98 patients (4%) 
managed by NPs (p=o.005) 
Conclusion An inadequate INR is the main reason for postponing an ECV. 




Atrial fibrillation (AF) is the most common arrhythmia in clinical practice. Rhythm 
and rate control are the two treatment strategies of patients with AF. For most 
cardiologists rhythm control is the treatment of choice in symptomatic AF 
patients1,2 • 
An electrical cardioversion (ECV) is one of the therapies for rhythm control in 
patients with persistent AF. Because of thromboembolic complications, an ECV 
procedure has to be performed within 48 h after onset of AF or electively after a 
minimum period of three weeks of adequate level of anticoagulation3. For 
determining adequate anticoagulation status, the international normalised ratio 
(INR) can be used in patients treated with vitamin K antagonists. Worldwide the 
international INR value should range between 2.0 and 3.0 for patients with AF3A. To 
avoid undercoagulation in particular, the Dutch anticoagulation clinics use slightly 
higher therapeutic target ranges of the INR, namely between 2.5 and 3.5. 
Not all patients selected for ECV receive their treatment at the first planned 
hospital admission due to a variety of reasons. The incidence and reasons for 
postponing ECV procedures are still not thoroughly studied. The aim of our study 
was therefore to evaluate the waiting list for elective ECV for patients with persistent 
AF in the Department of Cardiology of the University Medical Centre Groningen, the 
Netherlands UMCG), focusing on how often and for what reason procedures were 
postponed. Furthermore, we compared the effects of the management of the waiting 
list conducted by physicians versus management by nurse practitioners (NPs). 
Finally we evaluated the safety of our anticoagulation therapy and policy by means of 




Planning and monitoring of ECV patients 
This was a prospective observational study performed in the UMCG between August 
2008 and December 2009. We evaluated 250 consecutive patients with persistent 
AF admitted to our clinic for elective ECV. The choice for a rhythm-control strategy 
was made by a dedicated AF cardiologist and cardiologist in training, based upon 
medical history, AF-associated symptoms, current medication and 
echocardiographic parameters, after identifying and treating underlying diseases 
which may play a role in onset and maintenance of AF. The INR status was 
monitored in the period before ECV by the physician or NP. If the patient's INR 
dropped below the therapeutic target range during the period between acceptance 
for ECV and performing ECV, the ECV was postponed or a transoesophageal 
echocardiography (TEE) was performed to exclude thrombus in the left atrium or 
left atrial appendages. Additionally, if the INR was below the target range or above 
5.5 on the day of admission, the ECV was cancelled and a new appointment was 
made for the patient. According to our hospital protocol, a minimum continuous 
period of 4 weeks of adequate anticoagulation was required. The relevant medical 
management from acceptation until discharge after ECV was performed by the 
physician until 15 June 2009. After this date, the tasks shifted. The physician 
became responsible for selection of patients for ECV, initial contact with the 
anticoagulation clinic and the initial planning on the waiting list, while the NP at the 
short stay unit was made responsible for maintaining contact with the 
anticoagulation clinic and the necessary mutations on the waiting list. The NP also 
started performing the ECV. 
Electrical cardioversion 
ECV was performed under short general anaesthesia provided by a consulting 
anaesthesiologist6• Anaesthesia was induced with propofol (typically 0.5-1 mg/kg) 
until loss of consciousness. Additional bolus doses of propofol were administered for 
maintenance of anaesthesia during the procedure. 
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AF**/ I RAF* 
SR 
Accepted AF or start Amiodarone and reschedule ECV 
SR: Sinus rhythm 
IRAF*: Immediate Reinitiation of AF < 2 min after ECV. 
AF**: Atrial fibrillation , no sinus beat observed after ECV 
Figure 1 Protocol for electrical cardioversion at the University Medical Centre Groningen 
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Monitoring consisted of non-invasive blood pressure measurement and pulse 
oxymetry. The ECV was performed according to a standardized protocol as has been 
described earlier (Fig. 1)7. In case of immediate recurrence of AF, 750 mg 
magnesium was given to increase the likelihood of successful cardioversion and to 
maintain sinus rhythm afterwards8 • A brief observation period after ECV to assess 
complete recovery was provided by the anaesthesia team. Patients were usually 
discharged from the hospital 2-4 h after ECV if they were well awake and in the 
absence of complications. In case of initiation of class I or III antiarrhythmic drugs, 
hospitalisation was prolonged for a period of 24-48h. 
Endpoints andfollow-up 
Primary endpoints of this study were time from acceptance for ECV to date of the 
procedure, and reasons for postponing the procedure, compared between 
management by physician or NP. The secondary endpoints were bleeding or 
thromboembolic complications. Follow-up was performed after the first outpatient 
clinic visit by reviewing patient medical records. 
Statistical analysis 
All data were analysed using SPSS version 16.0 (SPSS, Illinois USA). Statistics are 
presented as mean ± standard deviation (SD) or median (interquartile range Q25-
Q75) for continuous variables, or as numbers with percentages for categorical 
variables. We used the Mann-Whitney and x2 tests to analyse the results. A double­
sided p value of 0.05 or less was considered statistically significant. 
Results 
First planned ECV 
Of the 250 patients referred for electrical cardioversion, 8 patients (3%) were 
primarily not accepted for an ECV because of an inappropriate treatment of 
underlying diseases. Table 1 shows baseline characteristics of the 242 patients who 
underwent ECV. Most were male (72%) with a mean age of 63 years. Duration of the 
current AF episode was a median of 3 months. Figure 2 shows the flowchart of 
117 
Chapter 7 
patients who were scheduled for ECV. Within 5 to 6 weeks, 186 of 242 patients (77%) 
received ECV. After 5 rescheduled ECVs, all patients on the waiting list had been 
treated with ECV (n=218, 90%). Patients were taken off the waiting list for reasons 
of spontaneous conversion to sinus rhythm (n=16, 7%), switch to rate control (n=5, 
2%), hospital admission for symptomatic AF necessitating an unplanned ECV (n=l, 
1%), sustained ventricular tachycardia (n=l, 1%), and crossover to pulmonary vein 





Current AF duration (months) 
Previous electrical cardioversions 
Hypertension 
Coronary artery disease 
Valvular heart disease 
COPD 
Diabetes 
History of heart failure 
CHA2DS2 V ASc score 
NYHA class I 
II 
III 
Previous AAD use: Class le 
Class III 
All patients (n=242) 
63±11 
173 (71.5) 















AAD: antiarrhythmic drug; BMI: body mass index; COPD: chronic obstructive pulmonary disease Data 
expressed as number (%), mean ± SD or median (interquartile range). 
Table 1 Baseline characteristics 
118 
Planning and monitoring of ECV patients 
The initially planned ECV was postponed in 99 (41%) patients (Table 2). Reasons to 
postpone the ECV before admission (n=65) were inadequate INR, patients' personal 
circumstances, switch to rate control, spontaneous conversion to sinus rhythm and 
unplanned hospital admission. Reasons to postpone the ECV on admission (n=34) 
were INR under the therapeutic range (n=ll, mean INR 1.9±0.2), INR above the 
therapeutic range (n=8, mean INR 7.2±1.2), sinus rhythm at presentation, and other 
reasons, such as hyperkalaemia or bradycardia. Seven patients underwent TEE 
before ECV; two procedures were postponed because of the presence of a thrombus 
in the left atrial appendage. Figure 3 displays the percentages of patients whose 
procedure was postponed at the first planned and each consecutive rescheduled 
ECV, before and on admission. 
First rescheduled ECV 
Eighty-six patients (36%) were planned for a first rescheduled ECV, which was 
postponed again in 43 patients (50%). Reasons to postpone before admission (n=28) 
were inadequate INR, patients' personal circumstances and unscheduled hospital 
admission. Reasons to postpone on admission day (n=15) were INR under the 
therapeutic range (n=s, mean INR 1.8±0.5), INR above the therapeutic range (n=l, 
INR=7.o), sinus rhythm, and other reasons such as bradycardia and poor adherence 
to the medical regimen. Four patients underwent TEE before ECV; in three patients 
this was postponed because of thrombus in the left atrial appendage. 
Second andfurther rescheduled ECVs 
Thirty-seven patients (15%) were planned for a second rescheduled ECV. This was 
postponed for the second time in 14 patients (38%). Reasons to postpone ECV before 
admission (n=ll) were inadequate INR, spontaneous sinus rhythm and haematuria. 
Reasons to postpone the ECV on admission (n=3) were signs of heart failure and 
sinus rhythm. Eleven patients (5%) were planned for a third rescheduled ECV. In 6 
patients (55%) this was postponed for the third time. Reasons to postpone ECV 
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Figure 2 Patient flow chart over planned and rescheduled ECV procedures 
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spontaneous sinus rhythm. The reason to postpone the ECV on admission (n=1) was 
an INR under the therapeutic range (INR=2.o) .Five patients (2%) were planned for 
a fourth rescheduled ECV. The procedure was postponed for the fourth time in three 
patients (60%). Reasons to postpone ECV before admission (n=2) were inadequate 
INR and patients' personal circumstances. The reason to postpone the ECV on 
admission (n=l) was an INR over the therapeutic range (INR= 10.0). Two patients 
(1%) were planned for a fifth rescheduled ECV. Both patients underwent this ECV as 
planned. 
First planned ECV 
N = 242 
Rescheduled I 
N = 86 
Rescheduled II 
N = 37 
Rescheduled III 
N = 11 
Rescheduled IV 
N = 5  
Rescheduled V 
N = 2  
Postponed before admission Postponed on admission 
N = 65 (27%) N = 34 (14%) 
N = 28 (33%) N = 15 (17%) 
N = 11 (30%) N = 3 (8%) 
N = 5 (45%) N = 1 (9%) 
N = 2 (40%) N = 1 (20%) 
N = o  N = o 
Data expressed as mean ± standard deviation, median (range) or number of eligible patients (%), as 
required. 
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D Switch to rate control (%) 
CJ Personal circumstances (%) 
1st planned 1st planned 1 st resch 1 st resch 2nd resch 2nd resch 3rd resch 3rd resch 4th resch 4th resch 
postponed postponed postponed postponed postponed postponed postponed postponed postponed postponed 
before adm on adm before adm on adm before adm on adm before adm on adm before adm on adm 
Figure 3 Reasons for postponing ECV 
Physician compared with dedicated NP 
Over the course of all ECVs, the majority of the repeatedly postponed procedures 
were due to an inadequate INR (78%). In total, patients were scheduled for an ECV 
272 times. The procedure was postponed in 23 of the 147 patients (16%) managed by 
the research physician due to an inadequate INR at admission versus 4 out of 98 
patients (4%) managed by the NP (p=o.005). Analysis of waiting lists showed a 
similar number of cumulated waiting days before ECV between management by 
physician and NP (Fig. 4). 
Follow-up 
With regard to bleeding or thromboembolic complications, none of the 242 patients 
reported an event at the first outpatient clinic visit. 
122 




-c 1 20 C) 
"i 1 00 





o Physician • NP 
ECV I 
(n=1 76) 
1 st resch. 2nd resch. 3rd resch. 
ECV (n=58) ECV (n=26) ECV (n=6) 






The present study provides valuable information about patient and logistic 
parameters for planned ECVs. Our main finding was that ultimately 90% of selected 
patients received an ECV, despite some procedures being rescheduled 5 times. The 
main reason to postpone a planned ECV was an inadequate INR. In 7% of patients, 
spontaneous conversion to sinus rhythm occurred. Furthermore, our study showed 
that in the patient group managed by an NP, the INR was more often adequate, 
leading to significantly less postponed ECV s at admission. Finally, in our patient 
group there were no bleeding or thromboembolic complications between ECV and 
first outpatient visit. 
On the topic of anticoagulation status a number of papers have been published. 
In a clinical trial, a recent study showed that the patients included in the 
Netherlands were within the therapeutic range for 70% of the time9. However, in our 
study, which represents routine clinical care, we found a lower percentage of 
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adequate INR values. Veeger et al.10 reported a similar finding showing that in 
patients with AF the INR was within the target range during 42% of the time. When 
analysing the results, we did not discriminate between patients followed by the 
anticoagulation clinic and selftesting patients at home. A recent study shows that 
patients who perform self-testing have a small but significantly higher in-target INR 
range time than patients tested in a clinic. This, however, does not lead to a 
difference in thromboembolic or bleeding complications11• 
With the advance of dabigatran as anticoagulation medication instead of 
coumarin derivatives, closely following the INR status will become obsolete when 
planning patients for ECV. Dabigatran has been shown to be as effective and safe as 
warfarin in patients with AF with respect to incidence of stroke and systemic 
embolism, and lower or similar rates of major haemorrhage depending on the 
dosage. We expect that in the near future the number of postponed ECV procedures 
will decrease since INR status will no longer play a key role9,12-1s. On the other hand, 
no control on the intake of dabigatran may have deleterious effects when ECV is 
performed under inadequate anticoagulation in patients with low compliance and 
warrants attention. 
A total of 16 patients (7%) spontaneously converted to sinus rhythm in the period 
between acceptance and admission for ECV. Channer et al. reported spontaneous 
conversion to SR in 21% of patients while waiting for ECV 12 • All of these patients 
were treated with amiodarone 400 mg twice daily. Tieleman et al. found similar 
results in patients with concomitant treatment with verapamil16• In our study 7 
patients used amiodarone, 3 patients had a medication switch before ECV, 2 patients 
recently had an invasive pulmonary vein ablation, and 4 patients had SR 
without an identifiable cause. 
Role of the NP 
On our short stay unit, NPs systematically contact the , managed by physician and 
NP anticoagulation clinics about the INR status of planned patients. Though this 
systematic check of INR may lead to increased postponing of procedures prior to 
hospital admission, it may also prevent patient discomfort, since fewer patients 
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come to the hospital with an inadequate INR. The number of postponed procedures 
after the patient was admitted to the hospital showed a marked decrease under NP 
management. It is unclear why the total amount of waiting days did not decrease 
accordingly. Although this was not the subject of our study, we hypothesise that 
physicians checked INR less frequently due to other priorities. The feasibility and 
safety of nurse-led elective ECV procedures and subsequent chronic care programs 
with high guideline adherence have been reported earlier17, 18• 
The fact that we saw no thromboembolic complications at the first outpatient 
visit suggests that the approach of ECV management used is safe, a finding that has 
been reported previouslY7. 
Our study has some limitations. Firstly, it is a singlecentre study. Secondly, the 
number of patients decreased with each step, leaving a small number of patients in 
the fourth and fifth rescheduled ECV groups. This limits the generalisibility of these 
specific findings. 
Conclusion 
The main reason to postpone an ECV before and at admission is an inadequate INR. 
ECV was less often postponed on the day of admission in patients managed by the 
NP. Within 6 weeks from acceptance, 77% of patients received ECV. Sixteen patients 
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In healthcare, there are multiple parties involved in providing the best possible care 
for patients. The advance of new professions in healthcare, such as physician 
assistants and nurse practitioners (hereafter called 'allied professionals'), influence 
the way healthcare is provided. To maintain and improve the quality of care, 
continuing close cooperation between the different partners is a prerequisite. This 
thesis provides several illustrations of how quality management for cardiac patients 
has changed in the last few years. In this final chapter, the developments to improve 
care will be put into a wider perspective, not only with a focus on quality but also in 
the context of integrating care for patients with cardiac disease. 
Integrated care 
Cooperation between different professionals in care is probably best achieved in a 
system of integrated care, where several parties work together coherently to optimize 
patient flow through a collaborative network of healthcare services and institutions. 
In this chain of care, patients in an acute setting or with chronic disease are 
dependent on the mutual understanding, communication and respect between 
providers. Building a well-oiled system of integrated care is a complex process and 
requires time and the dedication of the participating professionals. Starting with the 
notion that all parties involved in integrated care should do so on a basis of equality, 
an external project leader ( who is independent of the institution) should be in charge 
of bringing the relevant stakeholders together to make an inventory of their mutual 
needs, and to provide structure and define the aim. The development model for 
integrated care (DMIC) presented in chapter two of this thesis can serve as a general 
management tool for recently established collaborative systems. But why bother 
building such a system? 
In the first place, it offers patient care benefits. Having patients in the right place 
at the right time (for instance, patients with myocardial infarction being brought 
directly to the catheterization laboratory and bypassing the emergency room) 
without losing any momentum due to making avoidable calls or negotiating 
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permission saves time and therefore lives. Secondly, building a system of integrated 
care can be rewarding in its own right. Bringing people together to the same table, to 
discuss how to optimize care for patients will improve inter-professional as well as 
inter-personal relationships. Healthcare workers who feel they are part of a larger 
system, and who understand the role of their fellow partners in integrated care, will 
find it easier to transfer the responsibility for the patient's well-being to the next link 
in the chain. 
For patients with acute myocardial infarction or ST segment elevation myocardial 
infarction (STEMI), the system of integrated care consists of general practitioners, 
ambulance services, community hospitals and interventional centres. The times 
from first medical contact to balloon inflation for patients enrolled in the integrated 
STEM! network for the Groningen region have been shown to be shorter than 90 
minutes for 82% of patients. Patients who are directly transferred by ambulance 
from their home to the catheterization laboratory usually have their first contact 
with a physician during local anaesthesia. This implies that until the patient arrives 
in the catheterization laboratory, the care network consists mostly of nurses, 
paramedics or allied professionals, working according to a protocol to ensure the 
patient is treated optimally. After primary angioplasty, nurses in the cardiac care 
unit observe the patient until transfer to a community hospital, usually 24 hours 
later. The protocol of pre-hospital diagnosis for patients with STEM! is one of the 
many arrangements that have been made in terms of integrated care. Other 
arrangements include faxing the electrocardiogram to the cardiac care unit; direct 
transfer to the catheterization laboratory and, perhaps one of the more impressive 
accomplishments, in case of doubt over the diagnosis or indication the paramedic 
has the last word because he/she is with the patient. This last point also illustrates 
the practical impact of the equality principle of partners in integrated care. 
One of the more difficult aspects of the acute STEM! care network is to determine 
where it ends. One could argue that the acute situation ends with balloon inflation, 
thereby restoring the blood flow. However, critical observation of blood pressure and 
heart rate and rhythm after STEM! are also indicated after the procedure. Patients 
are usually referred back to their 'own' regional hospital after being admitted to the 
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cardiac care unit after angioplasty. This legitimizes referring centres being included 
in the STEMI network, as they will continue the line of treatment initiated with 
primary percutaneous coronary intervention (PCI). 
The analysis of delay times in chapter 3 indicates that older patients are at risk 
for longer times to treatment. As a result of longer delay times, more myocardial 
tissue is endangered, and mortality increases. This paradigm 'time is muscle' is, 
however, not reflected in the levels of lactate measured in patients with STEMI 
before angioplasty. Apparently, there are mechanisms other than a longer period of 
ischemia that put patients in the high risk group of admission lactates > 1.8 mmol/L, 
such as poor thrombolysis in myocardial infarction (TIMI) flow, hypotension at 
presentation, and diabetes. Currently, the Killip classification is commonly used for 
risk stratification in patients with myocardial infarction. The finding that elevated 
lactate levels correlate with higher mortality and other adverse outcome parameters 
after PCI could warrant the search for a novel risk stratification model comparable to 
the TIMI risk score in patients with acute coronary syndromes for instance. Inter­
observer variability (as is possible with Killip class) would be avoided by using 
objective variables like lactate. Perhaps more intensive observation and treatment is 
indicated for patients with admission lactates of 1.8 mmol/L and higher, as 50% of 
patients who died in this group did so within a day of the intervention (see chapter 
4). This ties in with having patients admitted to the cardiac care unit after primary 
PCI, as is standard protocol in the UMCG. Even after a successful procedure, 
patients have to be observed for hemodynamic parameters and late complications. A 
more elaborate and objective risk stratification tool could improve the quality of 
post-STEMI care. 
The adequate observation of patients can be thought of as a miniature example of 
integrated care. In the cardiology short-stay department of the UMCG (14 beds), the 
nursing staff work in close collaboration with the allied professionals to admit and 
discharge patients for cardiac catheterization, mostly on one and the same day. From 
the total number of patients admitted to the Department of Cardiology in the UMCG, 
about one-third is admitted to the short-stay unit (2,700/8,000 patients in 2010). 
Because of this high through-put, from a logistical point of view, patients who have 
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had elective procedures will be discharged at the earliest safest moment. That means 
frequent checks of the puncture site (mostly the groin) and in case of bleeding, 
additional manual compression and bandages. The introduction of closure devices 
has enabled faster ambulation, thus shortening bed rest time, which from the 
logistical point of view - but especially from the patient's view - is highly preferable. 
Working with allied professionals in the cardiology short-stay unit and the 
catheterization laboratory can result in patients not actually meeting a physician 
face-to-face during their hospital stay. Judging from the very low number of 
complications and patients' complaints that the short-stay unit has received over the 
years (i.e. just two), this does not seem to be a problem. As long as supervision is 
guaranteed and both the supervisor and individual allied professional can trust that 
the protocol will be followed and that deviations from the protocol are allowed 
providing reasons are documented, quality is guaranteed. The same applies to the 
larger context of inter-institutional organized integrated care. Circles within circles. 
Quality indicators 
The necessity of multidisciplinary cooperation is also illustrated at unit level in 
chapter 6. Cardiologists and head nurses appeared to have their own, apparently 
complementary, view on what they thought was important for the quality of care in 
interventional cardiology. Whereas nine out of the ten highest scoring indicators as 
weighed by cardiologists were quantifiable parameters (the one exception was 
patient education), this was only the case for seven out of ten indicators as weighed 
by head nurses. The major difference was that the nurses ranked patient satisfaction 
top, whereas this did not even reach the top-ten for cardiologists. It is not evident 
why the cardiologists did not rank patient satisfaction among the higher scoring 
quality parameters. One could argue that allied professionals from a nursing 
background have the potential to combine the best of both worlds: providing 
supervised medical expertise with a constant eye on patient satisfaction. 
Of the eight indicators with the highest consensus, one in particular is relevant to 
the topic of integrated care. 'Data flow' represents methods to ensure the continuity 
of information, one of the key elements in a well-organized care network. This study 
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was performed in interventional catheterization laboratories, and revealed that data 
flow was an important indicator, expressing the need felt by the clinical staff to 
receive patients in the catheterization laboratory with their relevant recent medical 
history, especially if the case was acute. 
One quality indicator that was not included in the eight indicators with the 
highest consensus between cardiologists and nurses was 'waiting lists'; it was ranked 
10th out of 50 indicators. In our model, the DMIC, performing management of 
waiting lists is one of the elements of structured care. In acute settings this indicator 
is not considered, but for patients undergoing elective procedures it is highly 
relevant. From a patient's perspective, and in the view of external parties such as 
healthcare insurance companies and public opinion makers like Elsevier's 1, waiting 
lists are an important element of the overall quality of care. 
Managing the waiting list for patients who need to undergo electrical 
cardioversion (ECV) usually comes down to frequent checking of their 
anticoagulation status, and postponing the procedure in the case of an inadequate 
INR (international normalized ratio) level. Though this might seem a simple and 
straightforward task, it requires time, attention and dedication to perform it 
optimally. We discovered that waiting lists were better managed by nurse 
practitioners than physicians (or physicians-in-training). This therefore relates to 
one of the aspects of working with allied professionals: the delegation of tasks. 
Having the allied professional manage the ECV waiting list and also performing 
ECV, keeps the structured ECV care network (as it can be perceived) limited to three 
parties: the patient, referring specialist, and planner/conductor. This small network 
built around a specific intervention has the potential to be flexible and responsive. 
Future perspectives 
With an ageing population, demands on healthcare are increasing accordingly. An 
unlimited expansion of the healthcare system is not an option, especially in the 
current times of economic and financial crises. New ways need to be explored to 
1 Elsevier is a Dutch weekly magazine for news and current affairs, but it also publishes 
annual assessments of national and regional institutions like hospitals, universities, etc. 
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maintain and improve the quality of care by better and more creative use of the 
capabilities of competent staff, be they nurses or physicians. The presence of allied 
professionals in the grey area between nursing and medicine is an excellent example 
of a better use of human resources that improves quality of care by adopting 
protocols for task allocation, professional dedication and continuity. One specialist 
can supervise several allied professionals, thereby increasing production and leaving 
more room for specialists to focus on their area of expertise. Furthermore, the 
implementation of care networks in different settings (intra- as well as inter­
institutional) may improve the streamlining of care, not only in STEMI and ECV but 
also for patients with heart failure or atrial fibrillation, and/ or in need of pacemakers 
and percutaneous valve replacements. 
In conclusion, patient care in cardiology can benefit greatly from making more 
use of specialized networks. Formalized integrated care may become the standard in 
the multidisciplinary approach to several diseases. Using dedicated allied 
professionals in care networks and other areas of healthcare can improve the quality 
of care, as well as create room for the better human resources management of allied 





Chapter 1 gives, as introduction, an overview of the research presented in this 
thesis. 
In chapter 2 the Development Model for Integrated Care (DMIC) was assessed 
for relevance, current level of implementation and future plans in three settings of 
integrated care: stroke, myocardial infarction and dementia. The vast majority of the 
89 elements in the DMIC were considered relevant the three groups, with on average 
50, 42 and 45 elements already implemented, respectively. The coordinators of the 
various integrated care systems stated that the DMIC could help in the further 
development and structuring of their integrated care activities. The DMIC can also 
serve as a tool in creating and steering new integrated care practices. 
The integrated care network for patients with ST segment elevation myocardial 
infarction (STEMI) presented in chapter 3 consists of ambulance services, the 
catheterisation laboratory and cardiac care unit (CCU) of the University Medical 
Centre Groningen, referring hospitals and general practitioners in the 90- minute 
radius around the UMCG. Median prehospital diagnosis to balloon time was 64 
minutes for patients directly transferred to the catheterisation laboratory, and 75 
minutes for patients initially admitted to the CCU. Older patients were at risk for 
longer delays. 
In chapter 4 the admission arterial lactate levels of patients presenting with 
STEMI were analyzed. The use of a point-of-care analyzer enabled fast and accurate 
measurements of arterial lactate levels. Besides to impaired hemodynamics, lactate 
levels ;?; 1.8 mmol/1 were associated with higher acute mortality and overall worse 
outcome after percutaneous coronary intervention (PCI). Half of the non-survivors 
with admission lactate levels ;?; 1.8 mmol/1 died within a day after presentation in the 
hospital. 
The two closure devices that were compared m chapter 5 to manual 
compression after cardiac catheterisation through the femoral artery were equally 
safe in terms of hematoma and other complications. The efficacy of hemostasis 
however showed a marked difference between Angio-Seal (99%) and StarClose 
(94%). Patients with the StarClose device also experienced more oozing. Manual 
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compression was the least patient friendly of the three methods, as the longer period 
of bed rest was considered very uncomfortable and the rules of conduct regarding 
the puncture site were more difficult to uphold to. The Angio-Seal was concluded to 
be the preferred method of arterial closure after cardiac catheterisation. 
In chapter 6 we approached cardiologists and head nurses from interventional 
catheterisation laboratories throughout the Netherlands to select performance 
indicators. Top three indicators among cardiologists were complications, in-hospital 
delay and mortality; among head nurses they were patient satisfaction, in-hospital 
delay and complications. From the 50 predefined indicators, eight ultimately 
remained with the highest consensus between the respondents. Four of these 
indicators focused on outcome (complications, number of procedures, mortality, 
restenosis rate), three on organisation (heart team meetings, in-hospital delay and 
use of protocols). The last indicator connected directly to one aspect of integrated 
care systems: data flow. 
Waiting list management of patients for electrical cardioversion (ECV) is 
presented in chapter 7. Of the 242 consecutive patients, 77% received ECV within 6 
weeks after the original planning date. The main reason to postpone a procedure was 
inadequate anticoagulation (INR) status. Frequent checks of the INR by the nurse 
practitioner led to a low incidence (4%) of postponing an ECV on the day of hospital 
admission. No bleeding or thrombo-embolic complications occurred around ECV. 
Finally, in chapter 8 we discuss how the various developments presented in this 
thesis connect to quality management. By streamlining patient throughput, re­
allocating tasks and implementing care networks in different settings, quality of care 
for our cardiac patients can be maintained and improved. 
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Hoofdstuk 1 geeft, als introductie, een overzicht van het in <lit proefschrift 
gepresenteerd onderzoek. 
In hoofdstuk 2 werd het Ontwikkelmodel voor ketenzorg getoetst op relevantie, 
huidig niveau van implementatie en toekomstplannen in drie zorgketens: 
herseninfarct, hartinfarct en dementie. De overgrote deel van de 89 elementen uit 
het ontwikkelmodel werden door de drie zorgketens als relevant beschouwd, met 
respectievelijk gemiddeld 50, 42 en 45 elementen die al geimplementeerd waren. De 
ketencoordinatoren van de verschillende zorgketens gaven aan <lat het 
ontwikkelmodel een rol zou kunnen spelen in de verdere ontwikkeling en 
structurering van hun ketenzorgactiviteiten. Het ontwikkelmodel kan tevens een rol 
vervullen bij het maken en inrichten van nieuwe zorgketens. 
Het zorgnetwerk voor patienten met een hartinfarct <lat beschreven is in 
hoofdstuk 3 bestaat uit ambulancediensten, de hartcatheterisatie en hartbewaking 
van het Universitair Medisch Centrum Groningen, omliggende ziekenhuizen en 
huisartsen, in een radius van 90 minuten rondom het UMCG. De mediaan tijd 
tussen prehospitale diagnose en balloninflatie was 64 minuten voor patienten die 
rechtstreeks naar de hartcatheterisatie gebracht werden, en 75 minuten voor 
patienten die eerst op de hartbewaking opgenomen werden. Oudere patienten waren 
langer onderweg. 
In hoofdstuk 4 werden de arteriele lactaatwaarden bij opname van patienten 
met een hartinfarct geanalyseerd. Door de analysator dichtbij het punt van 
bloedafname te hebben staan, konden de bloedwaarden snel en accuraat bepaald 
worden. Naast een bedreigde hemodynamiek, hingen lactaatwaarden � 1.8 mmol/1 
samen met een hogere acute sterfte en een algemeen slechtere uitkomst na 
dotterbehandeling. De helft van de patienten met een opnamelactaat van � 1.8 
mmol/1 die overleden, stierven binnen een <lag na presentatie in het ziekenhuis. 
Twee hulpmiddelen om de liesslagader te sluiten na hartcatheterisatie werden 
vergeleken met handmatig afdrukken in hoofdstuk 5. Beide middelen waren even 
veilig wat betreft bloeduitstortingen en andere complicaties. Het effectief bereiken 
van bloedstelping lukte echter vaker bij Angio-Seal (99%) dan bij StarClose (94%). 
Patienten met een StarClose 'plugje' bleven ook vaker nalekken. Handmatig 
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afdrukken was de minst patientvriendelijke methode, omdat de langere periode van 
bedrust als zeer oncomfortabel ervaren werd, en de leefregels met betrekking tot de 
lies moeilijker na te leven waren. Angio-Seal kreeg de voorkeur als methode om de 
punctie in de liesslagader af te sluiten. 
In hoofdstuk 6 werden cardiologen en hoofdverpleegkundigen van 
interventielaboratoria in Nederland benaderd om prestatie-indicatoren te selecteren. 
De top drie bestond volgens cardiologen uit complicaties, vertraging tot behandeling 
in het ziekenhuis in geval van een hartinfarct en ziekenhuissterfte; volgens 
hoofdverpleegkundigen bestond de top drie uit patienttevredenheid, vertraging tot 
behandeling en complicaties. Van de 50 voorgedefinieerde indicatoren bleven 
uiteindelijk acht over met de meeste consensus tussen de deelnemers. Vier van deze 
indicatoren waren uitkomstmaten (complicaties, aantal procedures, sterfte, 
restenose), drie organisatiematen (hartteambesprekingen, ziekenhuisvertraging en 
gebruik van protocollen). De Be indicator was een maat voor ketenzorg: 
informatiestromen. 
Het wachtlijstbeheer voor patienten voor elektrische cardioversie (ECV) wordt 
besproken in hoofdstuk 7. Van de 242 opeenvolgende patienten kreeg 77% binnen 
6 weken na de eerst geplande datum een ECV. De hoofdreden om een procedure uit 
te stellen was inadequate antistolling (INR). Frequente controle van de INR door de 
verpleegkundig specialist leidde tot een lage indicentie (4%) van uitstel van de ECV 
op de dag van ziekenhuisopname. Er traden geen bloeding- of trombo-embolische 
complicaties op. 
Tenslotte bespreken we in hoofdstuk 8 hoe de verschillende ontwikkelingen uit 
dit proefschrift verbonden zijn met kwaliteitsmanagement. Door patientenstromen 
te optimaliseren, taakherschikking door te voeren en zorgnetwerken te 
implementeren in verschillende situaties kan de kwaliteit van zorg voor onze 





Voor mij is de totstandkoming van dit proefschrift als een treinreis geweest, waarvan 
vooraf ik enkel de beoogde bestemming heb uitgekozen zonder al te veel acht te 
slaan op de route. Aan het begin van de rit had ik dan ook geen vermoeden dat ik 
onderweg nog moest overstappen, dat er her en der vertraging op zou treden en al 
helemaal geen benul van wie er met me mee zouden reizen. Nu ik op de plaats van 
bestemming aangekomen ben, kijk ik in verbazing en bewondering om naar de vele 
mensen, plaatsen en gebeurtenissen die het allemaal mogelijk en de moeite waard 
hebben gemaakt. Dit woord van dank geldt in de eerste plaats de lezer van dit 
proefschrift. Dat u dit werk in handen heeft betekent dat u op een of andere manier 
heeft bijgedragen aan of op zijn minst geinteresseerd bent in de inhoud ervan. 
N atuurlijk wil ik voor de lezer dezes een aantal mensen speciaal benoemen. Mijn 
promotor was eerst prof. dr. Zijlstra, en vervolgens prof. dr. van den Berg. Beste 
Felix, mijn dank is groot dat je er heil in zag een verpleegkundige met ambitie de 
gelegenheid te geven zelfstandig aan onderzoek te doen. In de eerste jaren is jouw 
deskundig en persoonlijk advies onmisbaar geweest voor een goede start. Beste 
Maarten, mijn grote waardering voor de enthousiaste wijze waarop je mijn 
begeleiding hebt overgenomen. Ik ben vereerd om je eerste promovendus te zijn, en 
ik prijs de mensen die na mij komen gelukkig met jou als betrokken en deskundig 
eerste promotor. 
Mijn copromotoren waren eerst dr. Jessurun en prof. dr. Jaarsma, vervolgens dr. de 
Smet en dr. Nijsten. Beste Gillian, jij zag als eerste wat er mogelijk was. Zonder jou 
was dit hele project niet van de grond gekomen. J ouw bevlogenheid heeft me een 
enorme kickstart gegeven. Beste Tiny, van jou heb ik geleerd om het zorgaspect in 
het oog te houden bij opzet, uitvoering en rapportage van onderzoek. De 
besprekingen met jou en het COACH team waren soms pittig maar altijd leerzaam. 
Beste Bart, van jouw entree tot je afscheid van het UMCG heb ik van je genoten als 
collega en persoon. Je hebt een rechtdoorzee mentaliteit die ik zeer waardeer. Ik 
bewaar goede herinneringen aan onze samenwerking, en ik beschouw het als een 
voorrecht om je ouders ontmoet te hebben. Beste Maarten, van alle mensen in de 
begeleidingscommissie ken jij me het langst. We zijn door hete vuren gegaan om het 
144 
Dankwoord 
lactaatartikel te publiceren, maar mede door jouw geduld en doorzettingsvermogen 
is het artikel prima geland. Wij zijn nog niet uitgeschreven! 
Ik wil de leden van de beoordelingscommissie, Prof. Dr. Ir. C.T.B. Ahaus, Prof. Dr. 
R.J. Peters en Prof. Dr. P.F. Roodbol bedanken voor hun kritische beoordeling van 
het manuscript. Beste Kees, dank voor de plezierige samenwerking tijdens mijn werk 
voor het Traumacentrum en het ketenzorgonderzoek. Beste Petri, jij bent als hoofd 
van het toenmalig Opleidinginstituut getuige geweest van mijn eerste stappen op 
weg naar zelfontplooiing. Dank voor je vertrouwen om me destijds als kerndocent 
aan te stellen. 
De start van mijn promotietraject lag op de afdeling hartcatheterisatie. Als 
beginnend onderzoeker had ik veel tijd nodig om me de kunst van het onderzoeken 
eigen te maken, ruimte die ik kreeg van de staf van de HC en het thoraxcentrum. 
Gerrit, Carla, Ann et, Deborah, Alice en team, Goos en Evert Jan, dank voor jullie 
grate flexibiliteit en bereidheid tot faciliteren. Daarnaast zijn de verpleegkundigen 
van de HC en CCU onmisbaar geweest in de dataverzameling voor eerst het 
delaytijden onderzoek, en later de opnamelactaten. Fantastisch dat jullie in tijden 
van veel parallelle onderzoeken ook mijn onderzoeksprotocollen hebben willen 
volgen! 
Mijn volgende 'station' was het Traumacentrum. Ik wil alle medewerkers in de 
persoon van Carin Kaagman danken voor de gezellige tijd te midden van zorgketens, 
kerstkaarten en moorddiners. 
Mijn huidige collega's van de Short-stay afdeling Han, Hans, Lydia, Oebele, 
Marianne en Otto en het verpleegkundig team maken de overstap terug de zorg in 
helemaal de moeite waard. Mijn leermeester en supervisor Dr. Ad van den Heuvel 
wil ik bijzonder dank zeggen voor zijn inhoudelijke en daarbij onmisbare morele 
ondersteuning, en voor het scheppen van veilige leer- en werkomstandigheden. Ik 
hoop nog lang en met heel veel plezier met jullie te kunnen samenwerken. Dank dat 
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ik de laatste etappe van het promotietraject de vrijheid kreeg om me te laten 
opslokken door alle losse eindjes die nog aan elkaar geknoopt moesten warden. 
Het promotietraject is mede succesvol afgerond door de immer toegankelijke 
secretariele ondersteuning van Magda Munstra en Alma Guikema. Dat ik altijd even 
binnen kon lopen voor het een of het antler, hoe triviaal ook, heb ik zeer plezierig 
gevonden. 
De hoofdstukken in dit proefschrift zouden niet tot stand zijn gekomen zonder alle 
co-auteurs. Een aantal van jullie zijn hiervoor al benoemd, de anderen wil ik niet 
onvermeld laten. Bedankt Mirella Minkman, Robbert Huijsman, Franz Hanenburg, 
Jacqueline Nannenberg, Miriam Hoekstra, Iwan van der Horst, Joost van Pelt, 
Rutger Antonio, Yong Tan, Hans Otto Peels, Marcelle Smit, Joost van der Maaten en 
Isabelle van Gelder voor de nodige feedback, input en correctie op het materiaal en 
de constructieve wijze van samenwerken. 
I would like to thank my colleagues from the EuroPCR program committee: Siro 
Buendia, Lene Kl0vgaard, Marie Leahy and prof. dr. William Wijns for their 
continuing trust and willingness to involve me in the planning and execution of the 
Nurse and Technicians Sessions since 2007. 
Mijn paranimfen Petra Hartman-Kroneman en Janny Poelman zij dank voor hun 
geduld - je zult maar aan het begin van de rit gevraagd zijn voor deze taak en 
vervolgens 7 jaar moeten wachten voor je in actie moet komen! We hebben in de 
afgelopen jaren veel leuke en een paar minder leuke dingen gedeeld, maar het 
zonnetje is bij onze ontmoetingen gelukkig nooit ver weg geweest. In jullie komt veel 
van mezelf terug: lief de voor het vak, onvoorwaardelijk fan zijn van het songfestival, 
een stevige barrel als de vijf in de klok zit maar ook ongebreideld theeleuten. Lekker! 
Dankwoord 
Mijn lieve vrienden Harm en Marc, Harm en Martin, Erik en Henk, Sascha en Marc, 
Roel K., Arthur, Meine, Roel A., John en Bert, Henk-Jan en Wouterien hebben, 
misschien veelal onbewust, gezorgd voor de broodnodige afleiding op de vele 
vrijdagmiddagborrels, dinsdagse en donderdagse kaart- en spelletjesavonden, 
etentjes en vakanties. Vooral Harm en Marc hebben een vaste plek in het hart van 
mijn wereld. 
Een mens wordt mede gevormd door zijn familie. Mam, jouw rotsvaste geloof in mij, 
je liefde en je vermogen om jezelf weg te cijferen maken je tot de basis van mijn 
bestaan. Je bent een prachtmens en ik heh je lief. Aan mijn oma, mijn broer 
Alexander , schoonzus Esmeralda, neefje Lucius en andere familie, dank voor het er 
zijn en jullie aanzienlijke bijdrage aan mijn wording. 
En Marc. Mijn anker, mijn heden, mijn man. Jou vragen om met me mee naar huis 
te gaan, nu ruim negen jaar geleden, is een van mijn betere ideeen geweest. Dank je 





Robbert (Robert Paul) Vermeulen werd op 6 juli 1972 geboren in Den Helder. Op het 
Johannes College aldaar behaalde hij in 1990 zijn VWO diploma om in eerste 
instantie op aan een studie Psychologie te beginnen aan de Universiteit van 
Amsterdam. Na de propedeuse werd het echter duidelijk <lat een academische studie 
op <lat moment niet de voorkeur had, en maakte hij de overstap naar HBO­
Verpleegkunde. Deze studie werd gestart in Amsterdam, en -na verhuizing naar 
Groningen in 1996 - afgerond aan de Hanzehogeschool. 
Zijn eerste werkervaring was in uitzendverband voor het toenmalig Academisch 
Ziekenhuis Groningen. In september 1996 kon hij aan het werk als verpleegkundige 
in het Wilhelmina Ziekenhuis te Assen, op de afdeling chirurgie/urologie. Tussen 
1998 en 2001 werkte hij op de intensive care, waar hij de brede basis IC opleiding 
afrondde. Op 1 januari 2001 keerde hij terug naar het AZG om op de afdeling 
Hartcatheterisatie te gaan werken. Hier legde hij samen met het Wenckebach­
instituut de basis voor de landelijke opleiding tot Interventieverpleegkundige/ 
laborant acute cardiologie, waarvoor hij tussen 2003 en 2006 kerndocent was. In 
2005 werd de weg naar academische vorming opnieuw ingeslagen door het 
opstarten van promotieonderzoek. In 2009 verliet hij de Hartcatheterisatie om als 
projectbegeleider voor het Traumacentrum de zorgketen voor het acuut hartinfarct 
in de drie noordelijke provincies in kaart te brengen en mede te stroomlijnen. Toch 
bleek hij het werk in de kliniek niet te kunnen missen en in 2010 keerde hij terug 
naar het Thoraxcentrum om een opleiding tot Physician Assistant te starten. Deze 
opleiding wordt op 22 maart 2013 afgerond. 
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